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ABSTRACT
Although improvement of fiber properties receives most 
attention in breeding programs today, yield of lint and seed cotton 
is still important, as the yielding ability of the better strains must 
at least be maintained* Cue to its low heritability, yield cannot be 
selected for in early segregating generations5 therefore, it is ad­
vantageous to separate yield into its components and select for those 
for which selection proves effective* This study is an attempt to learn 
something of the inheritance of the major yield components and the 
relative contribution of each to yield*
field was broken into it components, number of bolls per 
plot, number of seed per boll, surface area per seed, and fiber weight 
per unit surface area or lint density* The complex characters lint 
index and lint percentage were also considered*
A genetic analysis of seed index and. lint density was made 
in the generation of a Hide x Half and Half cross, 2 Upland varieties* 
Wilds had a seed index of 12*8 grams while Half and Half had a mean of 
8*8 gramsj a parental difference, then, of U*0 grams* Apparently 3 to 
Jt pairs of genes governed the inheritance of seed index, each major 
pair contributing 1.00 to 1*33 grams in seed index*
The Half and Half parent had a mean lint density index of 
5*67 grams whereas Wilds had a mean of it*lt2 grams* The parental mean
vi
difference was 1.1*5 grams. Apparently 3 to U pairs of genes governed 
the Inheritance of lint density, each major pair contributing 0*36 to 
0.1*8 gram in lint density.
Heritability or effectiveness of selection an the individual 
plant basis was determined for seed index, lint density index, lint 
index and lint percentage. The heritability values were 36.2$,
39.35 and 50.65, respectively. To obtain the heritability values the 
regression coefficient of line means on Fg plants was calculated 
and converted to percentage. The heritability values were very close 
to the percentage of Fg plants that produced superior Fj lines.
Correlations between yield and its components were determined* 
Held of lint and seed cotton was measured in 98 lines of this cross* 
As expected yield was determined largely by number of bolls per plot 
but lint density showed a positive association with yield and seed 
index showed a negative association. Large surface area of seed had 
a depressing effect on number of bolls resulting in a net yield decrease. 
These data Indicated that selection for high lint density and small to 
medium seed sise in early segregating generations offered the best 
possibility of obtaining high yielding lines. Also selection for lint 
percentage would be more effective than selection for lint index in 
obtaining high yielding strains.
Length of fiber showed a negative association with yield which 
could be a handicap to the breeder in some instances*
There was no significant association between fiber strength and 
yield of lint or seed cotton*
vii
INTRODUCTION
Cotton breeding has now reached a point at which a better 
understanding of the nature of inheritance of its major economic 
characters is necessary* In the early phases of cotton improvement 
great strides were made with the use of mass selection and the pure 
line method alone as varieties were inferior and impure* Here 
recently, however, breeders have resorted to controlled hybridisation 
within the species Qossyplum hirsutum* or even to interspecific 
hybridisation, in order to incorporate the desirable features of 
various varieties into single strains*
characters of cotton is fully justified and the need for such a study 
is great* Although a great deal of information has been accumulated 
on the inheritance of some economic characters of the cotton plant, 
the surface has hardly been scratched for others* Many of the studies 
that have been made were confined to inter-specific crosses and the 
information gathered from these might not apply in intra-hirautum 
crosses* Often the populations handled were of inadequate sine or the 
parental differences too small to draw any definite conclusions* Every 
attempt was made to eliminate these deficiencies from this study*
As breeding methods with cotton have changed so have the major 
breeding objectives changed* In the early phases of improvement
inheritance of any of the economic
1
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objectives such es adaptation of varieties to local conditions and 
earliness of maturity mere of prime importance* A great deal of 
improvement was made in these aspects resulting in relatively large 
increases in yielding ability* Snphasis in most breeding programs 
has shifted from these objectives to improvement of the more important 
properties of the cotton fiber* This usually involves controlled 
hybridisation between strains with the desired fiber properties but 
low yielding ability with strains with high yield but lacking the 
desired fiber properties*
Held per acre is still of primary importance in a breeding 
program such as described above as it is necessary at least to maintain 
the yielding ability of the better varieties while in the process of 
introducing desirable fiber characters from low yielding strains* 
the breeder, then, is as interested in the nature of inheritance of 
yield or characters which influence it as he is in the nature of 
inheritance of fiber properties*
It is impossible to determine the nature of inheritance of 
yield per acre as such as it is a complex character and greatly 
influenced by environment* Therefore, it is desirable to separate 
yield per acre into its major components and determine the nature of 
inheritance of those for which selection in the early generations of 
testing is effective* An attempt to do this was made in this study*
The study was made in the and generations of a cross
between 2 Upland varieties, Wilds and Half and Half* The F^ generation 
consisted of 165 lines each representing selfed progeny of a single
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?2 plant, the Fg plants were selected to give a complete range for 
seed index and lint density index. Held of lint cotton and seed 
cotton was measured in the generation* Ninety-eight F^ lines were 
grown in a simple lattice design along with the 2 parents*
Held of lint cotton per plot was broken into k major com­
ponents, number of bolls per plot* number of seeds per boll, seed 
site or surface area, and weight of lint per unit area of seed surface* 
In order to mors effectively plan a breeding program based 
on hybridisation the breeder requires 2 principal types of genetic 
information, namely the number of genes involved in the inheritance 
of the characters he considers important and secondly the heritability 
or effectiveness of selection for these characters particularly on an 
individual plant basis*
The number of genes governing the inheritance of seed index 
and lint density index in this cross was estimated. The average 
contribution of each major gene was also estimated from F^ data*
Heritability and effectiveness of selection on the individual 
plant basis were determined for seed index and lint density index.
The heritability of lint percentage and lint index, 2 characters very 
closely related to seed index and lint density, was also studied*
Correlations of seed index and lint density index were also 
determined from F^ data, chiefly their association with lint percentage 
and lint index* The advantages and disadvantages of selection for lint 
percentage and lint index in the early segregating generations of a 
cross were thoroughly discussed*
k
Although practically all of the major yield components studied 
have long been recognised by the cotton breeder, very little has been 
written on the association or relative contribution of each component 
to yield per acre. From the data of the Wilds x Half and Half 
cross the associations of these yield components with yield of lint 
cotton and seed cotton were measured* In addition the association 
of 2 important fiber properties, length and strength, with yield was 
also measured*
The reader will find many references to wthe breeder” in 
this paper* This was intentional as the data were collected, analysed, 
and written in such a manner that the study would not only represent 
a basic genetic analysis, but also in such a manner that the informa­
tion presented could be helpful and easily applied by the cotton 
breeder in his program*
REVIEW OF LITERATURE 
Seed Index
Most of the early work on the nature of inheritance of seed 
else* usually expressed as seed index* or weight in grams of 100 seed* 
was done in the generations and early segregating generations of 
interspecific crosses. v Balls (1)* shortly after the rediscovery of 
Handel's laws* reported that the F^ generation of an Upland (Qossypium 
hirsutun) x Egyptian (Gossypium barbadense) cross had heavier seed 
than either parent* In 1910* 3 years later* Balls (2) again mentioned 
a display of hybrid vigor for seed size in the F^ generations of 
hirsutun x barbadense crosses. He also stated that weight of seed 
fomed a single allelomorphic pair* with large seed dominant* and the 
appearance of a 3*1 ratio in Fg.
 ̂McLendon (16) also reported a dominance of large seed size 
over small in reciprocal crosses involving an Upland variety and Sea 
Island cotton. Hybrid vigor for seed size was often apparent in the 
generations.
J Harland (8) stated in his book that he had never obtained 
the simple results of Balls in similar crosses but rather almost 
invariably obtained monomodal curves in Fg* suggesting a quantitative 
type of inheritance involving many genes*
$
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"'War© (31) presented data in 1931 which again demonstrated, 
the expression of hybrid vigor for seed size in the F^ generations 
of the following crosses* In 2 crosses Pima x Winesap and Pima x 
Upright the means of the populations exceeded that of the large 
seeded Pima parent by 1.146 and 1.67 grams in seed index, respectively* 
In a cross between Winesap and Sea Island the mean exceeded the 
heavier Sea Island parent by 0*96 gram in seed index*
Harland (8) stated that Hutchinson believed he had evidence 
In Asiatic cottons of a series of alleles controlling seed weight*
The information obtained from these early investigations was summarized 
quite nicely by Harland (8) when, after giving a brief review of the 
literature, he commentedi "It may be said that in Egyptian and Sea 
Island cotton and also in Upland there exists a large number of pure 
lines differing almost imperceptibly in seed weight* Crosses made 
by the writer almost invariably give moncmodal curves in F^, It is 
therefore probable that as in other quantitative characters of cotton, 
a large number of genes are concerned in determining the weight of 
seed, though mutation involving marked discontinuity has quite likely 
occurred*"
v Hme and Tilley (1$) made crosses between several strains of 
Coker 100 and Stoneville 2B and found the F^ generations equalled the 
higher parent in seed size* Seed indices of generations of crosses 
Involving 5 other Upland varieties were slightly below the higher 
parents but always above the average of the 2 specific parents involved* 
J Isaac (11) presented a frequency distribution for seed index
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of 212 Fg plants of a Delta Smooth Leaf x Stoneville Composite cross, 
which suggested a unimodal curve characteristic of quantitative 
characters shoeing multiple factor inheritance* “̂Gonzales (7) obtained 
similar results from 213 Fg plants of a Delfos 9169 x (A x 6) 293 
(hirsutum) cross*
/ Paliatseas (23) studied the heritability of seed index in the 
F^ generation (97 lines) of a Delta Smooth Deaf x Stoneville Composite 
cross* Using a components of variance method he reported a heritability 
value of 68£ for seed index based on the line means and 11$  based on 
the individual plant* His results suggested that selection for seed 
index on the line basis in F^ might be relatively reliable but selection 
within the line would not* Calculated as regression of line means 
on Fg plants a heritability value of 23% was obtained*
Deshotels (5) studied inheritance of seed size in an Fg 
population of a Cross between 2 Upland varieties Half and Half and 
Tuxtula, consisting of 360 plants* The Tuxtula parent had a mean seed 
index of lii*7 grams and the Half and Half parent a mean seed index of 
10*0 grams* He found that large seed size was partially dominant and 
that the parental difference of 2**7 grams was governed by 2 or 3 pairs 
of major genes* The estimate of gene number was based on frequency of 
recovery of the Half and Half parent in the Fg generation. Any Fg 
plant with a mean seed index as low as the mean seed index of Half and 
Half, or lower, was considered a recovery of that parent genotype* A 
heritability value of 7h% was calculated from Fg data, indicating that
8
selection on the individual plant basis in Fg would be relatively 
effective*
Deshotels (5) also found that 2 or 3 major pairs of genes 
differentiated the same Tuxtula parent from Delta Smooth Leaf with 
a mean seed index of 10*? grams* He assumed the difference of 0*7 
gram between the Half and Half and Delta Smooth Leaf varieties to be 
caused by modifiers. A heritability value of 11% was calculated from 
the Fg data of this cross. It must be pointed out, however, that the 
Tuxtula parental strain used in the study was not selfed progeny of 
the original plant used in the cross.
Mason (17) made a critical genetic analysis of seed index 
in the Fg generation of 2 crosses Involving 2 Upland varieties, Wilds 
and Half and Half, 1 of which furnished the material for the study 
reported in this thesis* One cross, Half and Half-2 x TSSLlds-7, 
represented a parental difference of 2.9 grains in seed index.
The frequency distribution carve of 800 Fg plants was unimodal 
and segregation was typical of that of quantitative characters* The 
data indicated dominance of small seed size but Mason (17) explained 
that this was probably due to the fact that the Wilds-l parent was 
heterozygous and apparently carried genes for small seed size. This 
heterozygosity of the Wilde-1 parent also led to a low heritability 
estimate, 26£, for seed index in the cross.
A larger parental difference for seed size was found in the 
Wilds-7 x Half and Half-1 cross* The 2 parents were equally homozygous 
and although parental means were somewhat below values generally shown
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by these 2 varieties the mean difference between the 2 of U«1 grams 
was about as expected. The Half and Half-1 parent averaged 8.7 grams 
in seed Index and the Wilds-7 parent averaged 12.8 grams.
^ Mason (17) concluded that partial dominance of large seed 
size was shown in the F2 generation. The Fg mean was significantly 
higher than the arithmetic mean of the 2 parents and in addition 
more than one-half of the Fg plants exceeded the arithmetic mean of 
the parents.
Five ?2 plants equal or lower than the mean of the Half and 
Half parent were recovered in the F2 generation. All F2 plants with 
a mean as low or lower than the Half and Half parent were assumed to 
be parent genotype recoveries. This represented recovery of that 
parent at a frequency of 1 in U2 Fg plants, which lay between expected 
frequencies of recovery for segregation of 2 to 3 major pairs of 
genes. When applied to the F2 data the Castle-Wright formula yielded 
an estimated minimum gene difference of 2.2 pairs of genes. Mason (17) 
stated that there was a possibility that minor genes which modified 
the expression of the major genes might have been involved but not 
detectable. Each pair of effective genes probably contributed from 
1 1/3 to 2 grams in seed size if the parental difference of approximately 
U grams was due to 3 or 2 major pairs of genes, respectively*
A heritability value of 63£ was calculated for seed size from 
?2 data which indicated that selection in the Fg generation for seed 
size would be highly effective.
Young (33) studied the inheritance of seed size, expressed
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as surface area of 100 seed, in the Fg and F^ generations of a cross 
between Delta Smooth Leaf and Hurley Long Boll, 2 Upland varieties*
The 2 parents differed by 36 square centimeters of seed surface per 
100 seed, which, according to Toung (33), represented about 5056 of 
the total variation in American Upland cotton*
J Toung's (33) data indicated that small surface area was 
partially dominant, consequently, he used the recovery of plants in 
?2 equal or above the mean of the larger seeded Hurley parent as an 
indication of number of genes differentiating the parents* He con­
sidered these as representing recoveries of the parent genotype*
He recovered the Hurley parent at a ratio of 1 in 63 Fg plants, a 
ratio close to that expected from segregation of 3 major pairs of genes* 
A minimum gene difference of 2*2 pairs of genes was estimated with 
the use of the CastlerWright formula*
J Toung (33) selected $0 Fg plants, representing the complete 
range in Fg for seed surface area, for progeny testing in 1952* The 
F^ data also indicated that 3 pairs of genes differentiated the parents* 
The F^ data showed that it was Improbable that more than 6 Fg plants 
actually represented recoveries of the Delta Smooth Leaf parent which 
would have been a frequency of recovery close to that expected with 
segregation of 3 major pairs of genes*
A heritability value of 79J6 was calculated from Fg data and 
8056 based on regression of F^ line means on Fg plants* This indicated 
that selection in Fg on the individual plant basis for surface area 
should be highly effective. He pointed out that of the 10 highest
ii
Fg plants carried into Fy  8 produced lines among the top F^ lines*
Correlations of Seed Size
Leake (16) obtained an r value of -0*221 between seed size
and lint percentage from 232 samples derived from a wide series of
plants of the Asiatic series cottons* He found no correlation between
seed sise and number of fibers per seed, but did find a positive
association (r = 0*515) between seed sise and weight of 1000 fibers*
Hodson (10) reported that a low positive association between
seed sise and fiber length existed within 2 Upland varieties, Trios
and Foster, and among U8 Upland varieties grown in 1917 and 105 Upland
varieties grown in 1918* The highest correlation coefficient, 0*331>
was found within the Trice variety* Correlations of seed size and
Hrrt percentage from the same data showed a definite negative trend*
The highest correlation coefficient obtained between these 2 characters
was -0*U00 among varieties grown in 1917*
Patel (21*) obtained correlations of seed index and lint index
within 3 strains of Gossypium herbaceum* High positive correlations
ranged from 0*1*60 to 0*729 within the 3 strains*
Dualavy (6) obtained the following correlations working with
selected plants of commercial Upland varieties:
Characters correlated r values
Seed index and lint index 0*70i*
Seed index and lint percentage -0*529
Seed index and staple length 0*1*26
Gonzales (7) gave the following correlations calculated from
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213 Fg plants of a Delfos 9169 x (AxB)923 cross, both Inland types: 
Characters correlated r values
Seed index and lint index 0*539
Seed index and lint percentage -0*533
Seed index and length of fiber 0*577
Seed index and strength of fiber 0*013
Gonsales (?) stated that the positive association of seed
sise and length night be explained as follows: 1- linkage of genes
for seed sise and fiber length, 2- Superior nutritional conditions
on large seed, or 3- Pleiotropic effects of genes for both seed sise
and length of fiber*
Isaac (11) reported the following simple correlations obtained
from 212 Fg plants of a Delta Smooth Leaf x Stoneville Composite cross:
Characters correlated r values
Seed index and lint index 0*585
Seed index and lint percentage -O*li0ii
Seed index and length of fiber 0*292
Seed index and strength of fiber 0*076
Palletseas (23) reported the following correlations among
progeny of the Delta Smooth Leaf x Stoneville Composite cross:
Characters correlated r values
Seed index and lint index 0*306
Seed index and lint percentage -0*511
Mason (17) gave the following correlation coefficients obtained
from Fg data of a Wilds x Half and Half cross:
Characters correlated r values
Seed index and lint index 0*1*02
Seed index and lint percentage *0*326
Breaux (3) found a positive association between seed index
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and length of fiber ( r = 0.21*8 ) in the Fg generation of a Wilds x
Half and Half cross.
Seshotels (5) presented the following correlation coefficients
involving seed index and seed surface area in the Fg generation of a
Half and Half x Tuxtula cross :
Characters correlated r values
Seed index and lint index 0.810
Seed surface area and lint index 0.650
Seed index and lint percentage -0,310
Seed surface area and lint percentage -0*320
Deshotels (5) also presented correlation coefficients between
the sane variables in a cross bftween Delta Smooth leaf x Tuxtula as
given below: j
Characters correlated r values
Seed index and lint index 0.1*00
Seed surface area and lint index 0*380
Seed index and lint percentage -O.ohO
Seed surface area and lint percentage -0.1*00
Young (33) reported the following correlations involving
surface area of seed in a Delta Smooth Leaf x Hurley Long Boll cross:
Characters correlated r values
Surface area of seed and lint index 0.370
Surface area of seed and lint percentage -0.1*30
Surface area of seed and staple length 0.230
lint Density Index 
lint density may be expressed in any number of ways but
actually it is the amount of fiber borne on a unit area of the cotton
seed. Although lint density as such is rarely considered in a breeding
tk
program, cotton breeders hove long been cognizant of its importance* 
Idnt percentage and lint index have been iaqportant considerations in 
most breeding programs and this actually represents an attempt on 
the breeders part to eeleet for a greater number or weight of fibers 
per unit area of seed surface.
Leake (16) as early as 1915 attempted to show that lint 
percentage was a complex character and to study its component parts.
He recognised that number of fibers per unit area - to which he applied 
the term "density” — and the weight of Individual fibers, obviously 
a complex character in itself, were important characteristics.
Leake (16) used the seed cotton from a thoroughly dry and 
healthy boll as his sample unit* Two thousand fibers were removed from 
this 8ample and accurately weighed. The remaining lint was removed with 
a hand gin and the weight of lint and seed recorded along with the 
number of seeds. The volume and specific gravity of the seed were 
then determined by displacement in water. From these data he was able 
to calculate number of fibers from a single seed as well as volume 
of the seed. He obtained data from a wide selection of Asiatic type 
cottons. A form from China had as low a density as 1,200 fibers per 
seed and a Gossypium neglectum variety a density of 7*600 fibers per 
seed.
Hodson (9) studied the amount of lint produced on a unit area 
of the cotton seed by 2$ varieties of cotton, most of which were Upland. 
He used the term "lint frequency” which was defined by him as the weight 
in grams of fiber of uniform length produced per square centimeter of
15
seed surface* He determined the volume of 100 seed by displacement 
in alcohol* He then converted this volume to square centimeters of 
seed surface on the assumption that the cotton seed represented a 
cone with a hemispherical base more closely than any other geometrical 
figure* the weight of lint of a uniform 2$ millimeter length was 
then determined from the 100 seed sample and I!lint frequency1* calcu­
lated from the simple formulas
lint frequency « Grams of 2$ mm. lint produced on the average seed
App. area in square centimeters of the seed surface
Turner (50), Iyengar and Turner (13), and Nasir (20), have 
proposed various methods of obtaining number of fibers per unit 
surface area of seed* Iyengar (12) compared these and other methods 
in 195b* He stated that the values obtained by the ordinary cutting 
method, that is, by dividing the lint weight by the product of the 
mean fiber length and mean fiber weight per unit length gave a slightly 
smaller estimate of fiber number than the method proposed by Turner 
(50)* Turner considered variations in weight along the length of the 
fiber in methods he applied. Methods proposed by these investigators 
were very laborious and cannot be practicably applied to large 
segregating populations*
Moore (19) studied the distribution of fibers and the 
relation of fiber population to other characters in American Upland 
cotton* He cut out definite areas from the seed coat with the fibers 
attached using a leather punch, after removal of the embryo. He found 
that fiber population was densest at and near the chalazel end of the
16
seed and becomes thinner downward toward the micropylar end and 
outward toward the raphe* Significant differences in fiber population 
of the 5 varieties he studied were reported.
Mason (17 ), using essentially the same method as Moore (19), 
determined the actual number of fibers per unit area of seed surface 
on 7 Upland cotton varieties. Mi as del and Hurley Long Boll proved 
to be significantly lower in number of fibers per unit surface area 
than Tuxtula, .empire, A-H-A, Delta Smooth Leaf, and Half and Half.
Delta Smooth Leaf and Half and Half were significantly higher in 
number of fibers per unit area than the other $ varieties.
The work reported above was concerned primarily with methods 
for determining density of fibers per unit area of seed surface and 
differences that existed between different species and varieties of 
cotton. The studies reviewed below represent attempts to analyse 
the character genetically and determine something about its heritability. 
Essentially the same method for determination of density as that applied 
by Hodson (9) was used in these studies.
Paliatseas (23) found significant differences in density of 
fiber among 97 F^ lines of a Delta Smooth Leaf x Stoneville Composite 
cross. He reported a heritability value of 90% for the character 
using the components of variance method based on Fj line means. He 
concluded that the mean difference of 0.10 gram of lint per square 
centimeter between the parents was due to 1 major pair of genes plus 
modifiers.
Deshotels (5) calculated a heritability value of 69% from Fg
1?
data of a cross between Tuxtula and Delta Smooth Leaf and a value 
of $0% in the Fg generation of a Half and Half x Tuxtula cross for 
lint density index#
Mason (17) also studied the nature of inheritance of lint 
density index (weight of fiber per square centimeter of seed surface) 
in a cross involving Wilds and Half and Half# The Wilds parent had 
a mean lint density of 0.1*6 gram and Half and Half a mean lint density 
of Q.$h gram. There was an indication of partial dominance of high 
lint density in the Fg generation.
Thirty ^  plants with a lint density a© low as the Wilds 
parent were recovered in a population of 211 plants# Mason (17) 
assumed that all these plants represented recoveries of the Wilds 
parent genotype# This was a recovery of the Wilds parent at a frequency 
of 1 in 7, lower than the expected frequency of recovery for segregation 
of 2 major pairs of genes and too high for segregation of a single 
major pair. Mason (17) therefore assumed from Fg data that the 
parental difference of about 0.1 gram of lint per square centimeter of 
seed surface was due to a single major gene plus modifiers. The 
absence of distinct modal classes in F2 was attributed to the effect 
of modifiers plus the effect of environment# The Castle-Wrlght formula 
also suggested that a minimum gene difference of 1 major pair was 
involved. The occurrence in the F2 generation of 3 plants lower than 
the lowest plant of the Wilds parent and 7 plant© higher than the 
highest Half and Half* parent plant suggested that transgressive segre­
gation might have occurred in the Fg generation. A heritability value
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of 66% was calculated from Fg data which indicated that selection on 
an individual plant basis for lint density would be effective*
Young (33) could not recover any F-j lines that approached 
either parent in expression of lint density index in spite of the 
fact that he grew selfed progeny of k Fg plants as low as the average 
density of his Hurley long Boll parent and 4 plants as high as his 
Delta Smooth Leaf parent. He concluded that Fj data, which were more 
reliable than Fg data since recovery of parent types in this generation 
was based on entire progenies consisting of 1$ or more plants, 
indicated that at least 5 or 6 pairs of genes differentiated the 2 
parents. The parents differed by 2.$ grams of lint per 100 square 
centimeters of seed surface. Frequency of parental recovery and the 
Castle-Wrigbt formula applied to F2 data alone had Indicated a 
smaller gene difference of no more than 2 or 3 pairs*
Young (33) obtained a heritability value for lint density 
index calculated by regression of line means on Fg plants of only 
23JS* A correlation coefficient of 0*S3 was found between Fg y3 
results. This indicated that selection for high lint density in the Fg 
generation might not be effective for obtaining superior lines*
Correlations of Lint Density Index
Hodson (10) reported the following correlations involving
"lint frequency"!
Characters correlated r values
lint frequency and lint index 0*8140
lint frequency and lint percentage 0.914
lint frequency and lint length 0.060
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Zmake (16) obtained an r value of 0-793 between number of
fibers per seed and lint percentage• Holding the weight of 1000 
fibers and volume of seed constant he obtained an almost perfect 
association, r * 0.976*
Iyengar and Turner (13) reported a correlation of 0*330 between 
number of fibers per seed and lint percentage in Qoasyplum hirsutum.
Moore (19) correlated density of fiber population with other 
characters within 5 varieties of Upland cotton and found the following 
associations:
fiber should result in a lower fiber weight and strength and should 
raise the percentage of thin walled fibers* However, Mason (17) 
obtained a significant positive correlation between fiber wall 
thickness and fiber density. A partial correlation coefficient 
between fiber wall thickness and fiber density, holding immaturity 
constant was not significant, however. He stated that his results 
suggested that an important positive association between wall thickness 
and lint density might occur in populations which show wide genetic 
variability for both characters*
Paliatseas (23) found the following characters correlated with 
lint density index as obtained from means of 97 lines of a Delta
Characters correlated r values
Fiber density and weight per inch 
Fiber density and strength of fiber 
Fiber density and % of thin walled fiber 
Fiber density and length of fiber 
Fiber density and diameter of fiber
-0.5U to -0*709 
-0.1*2? to -0.715 
0.611* to 0*763 
-0.153 to -0*235 
-0.07U to 0*255
Moore (19) stated that selection for increased density of
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Smooth Leaf x Stoneville Composite cross:
Characters correlated r 'values
lint density index and lint index O.ijdO
lint density index and lint percentage 0.777
lint density index and seed index -0.212
Mason (17) obtained the following correlations involving
lint density index from the ?2 generation of a Half and Half x Wilds
cross:
Characters correlated r values
Lint density index and lint index Q.SOU
Lint density index and lint percentage 0*763
lint density index and seed index 0.120
Deshotels (5) obtained the following correlation coefficients
between lint density index and other characters in the Fg generation
of a cross between Half and Half and Tuxtula.
Characters correlated r values
Lint density index and lint percentage 0*830
Lint density index and lint index 0.770
lint density index and seed index 0*130
lint density index and seed surface area 0.003
In the Fg generation of a cross between Delta Smooth Leaf
and Tuxtula, Deshotels ($) reported the following correlation
coefficients:
Characters correlated r values
lint density index and lint percentage 0.900
lint density index and lint index Q.260
lint density index and seed index b.lliO
Lint density index and seed surface area -0.220
Young (33) obtained the following correlations between lint
density index and other characters from $2 da'ta a Delta Smooth Leaf
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x Burley Long Boll cross t
Characters correlated r values
Lint density index and lint index 0*830
Lint density Index and lint percentage 0*070
Lint density index and seed surface area -0*220
Lint density index and staple length -0*150
Lint Index
In 1908 Cook (U) pointed out the danger of overemphasis on 
lint percentage in determining the relative merit of different cotton 
varieties* He stated that to be sure that a higher lint percentage 
Is actually accompanied by an increased amount of lint, it is necessary 
to know that the weight of seed has not declined, either by reduction 
in sise or by change of texture or| compactness* He first proposed 
the use of lint index which he defined as the weight of lint on 100 seeds* 
Hare (31) reported that high lint index was incompletely 
dominant in the generations of crosses of Pima x Winesap, Pima x 
Upright, and Sea Island x Winesap* He explained that the high lint 
indices in the F^ generations of these crosses were the result of 
hybrid vigor in seed sise*
Harland (8) reported that lint index was obviously a compound 
character, since it is a function of number of fibers per seed and 
mean weight of the individual fibers* Number of hairs per seed is 
also dependent upon surface area of the seed* He pointed out that 
one should not expect to be able to analyse lint index in simple 
Ifendelian terms*
In their study hybrid vigor in Upland cotton, Kime and
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Tilley (15) reported that the generations of 3 crosses* involving 
inbred strains of Coker 100 and Stonevilie, had significantly higher 
lint indices than their highest parents*
Sinpson (26) reported that crossed seed of 7 Upland varieties 
were consistently higher than inbred seed in lint index*
Richmond (25) concluded that the quantity of lint produced 
on seeds of cultivated American Upland cotton was controlled by at 
least 2 genetic systems* a single pair of elleles that have a major 
effect and a complex of modifiers that have minor effects* He stated 
that the major gene pair also controlled the production of fuss on 
the seed*
Pallatseas (23) reported that lint index was controlled by 
k or 5 pairs of genes in 97 $3 lines of a Stoneville Composite x Delta 
Smooth Leaf cross* The Stoneville parent had a lint index of 6*2 
grams and the Delta Smooth Leaf parent a lint index of 7♦U grams* 
Heritability* calculated as regression of F3 lines on Fg plants was 
found to be 28£*
Mason (17) Btudied inheritance of Un t  index in a cross 
between Wilds x Half and Half* The 2 parents were very similar in 
expression of lint index* Ike mean of the Wilds-7 parent was 6*3 grams 
while that of the Half and Half parent was 5*9 grams* A wide range of 
segregation occurred in the Fg generation, however, with plants with 
lint indices as low as 1**2 grams and others as high as 8*lt grams*
Mason (17) explained this wide segregation accompanied by transgressive 
segregation in the F2 generation as follows t lint Index is a complex
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character dependant upon seed else and lint density for its expression* 
the parents differed widely for these 2 characters and segregation 
and recombination of the 2 occurred in the Fg generation. Plants 
with very low lint indices were plants with the small seed sise of 
Half and Half and low lint density of Wilds while plants with extremely 
high lint indices evidently possessed the high density of Half and 
Half and large seed sise of Wilds.
Mason (17) made no attempt to make a genetic analysis of 
lint index as his results clearly showed the impracticability of 
analysing the character as such genetically.
Beshotels (5) obtained results similar to Mason’s (17) in 
crosses between Half and Half and Delta Smooth leaf x Tuxtula* He 
obtained 1-rLt.bUity values of 61% and 71% for lint index In the Fg 
generations of the 2 crosses*
Xoung (33) reported a heritability value of only 17# based 
on regression of 50 Fj lines on Pg plants of a Delta Smooth Leaf x 
Hurley Long Boll cross* Only 3 Fg plants among the top 10 produced 
Fj lines among the top 10.
Correlations of lint Index 
Lint, index is a complex character dependent upon seed sise 
and lint density for its expression. The association of lint index 
and seed sise is reviewed in the discussion of seed sise* All 
correlations reported for the 2 characters showed a positive associa­
tion between them. Correlation coefficients for lint index and seed
2k
index varied from 0*306 reported by Palletseas (23) to 0*810 reported 
by Deshotels (5).
the following explanations for the variation In magnitude 
of the correlation coefficients between lint index and seed size may 
be givens 1- The amount of genetic variation for the 2 characters 
differed in the various populations studied* 2- The degree of 
association that seed index and lint percentage will show will depend 
upon the amount of genetic variation for lint density* closer associa­
tions being found in populations where little segregation for lint 
density occurred*
The association of lint index with lint density index is 
reviewed under the discussion of lint density Index* All correlation 
coefficients that have been reported are positive* ranging from a low 
r value of 0*260 reported by Deshotels (5) to a high r value of 0*830 
reported by Xoung (33)*
Of course* the degree of which lint index and lint density 
index is correlated will also be affected by the genetic variation for 
the 2 characters present in the population studied in addition to the 
amount of genetic variation for seed index*
Xt is interesting to note that lint density index showed a 
closer association to lint percentage than to lint index in the studies 
of Hodson (10), Mason (17)* Deshotels (£)* and Xoung (33). This 
indicates that selection for lint percentage might be more effective 
in increasing fiber density per unit surface area than selection for 
lint index*
as
The following correlations have been reported between lint
percentage and lint index within commercial varieties of Upland cotton
and Egyptian (barbadense) cottons
3y whom reported r values
Eunlavy (6) 0.203
Kearney (li) 0.SU0
Stroman (27) 0.610 to 0.910
Stroman (28) 0.1*20 to 0.760
The following correlations have been reported between lint
percentage and lint index in segregating generations of intre^hirsntum
crosses.





a h  reports that showed a significant association of lint
percentage and lint index indicated that the 2 were positively associated.
Simple correlation coefficients of Oonsales (7) and Isaac (11) were
very low. When seed size was removed as a variable, however, both
were able to show a strong positive association of lint percentage and
lint index. The positive correlation of seed size with lint index
and the negative association of seed size and lint percentage tended
to offset each other, resulting in no association between lint percentage
and lint index. lint index and lint percentage would, of course, be
expected to vary together if seed size is eliminated as a factor because




Mcl^aadon (18) reported a dominance of low lint percentage 
in an Upland x Sea Island cross. He stated that variations extending 
even beyond the parental extremes were found in the Fg generation.
Leake (16) reasoned that lint percentage was a complex 
character dependent upon weight of seed and weight of lint. The seed 
weight, he said, depended upon the volume and specific gravity of the 
seed. The lint weight depended upon the number of fibers from a 
single seed and the weight of individual fibers which itself is complex.
According to Harland (6) Kottur reported that the species 
fairsiitum and neglectum differed in lint percentage by a single major 
factor pair. He stated, however, that Kottur fs assumption that the 
results indicated nonohybrid segregation was not well founded.
Thadani (29) reported on nature of inheritance of lint 
percentage in 192$. He crossed h high lint percentage strains with 
a strain designated "no lint". From these U crosses he obtained a 
total of 287 F2 Of these he determined that 211; were high
percentage and 73 low percentage types. This gave a 3*1 ratio which 
would indicate operation of a single pair of factors.
Ware (32) crossed several wscant lint” varieties of Pima 
and Upland cottons to 3 normal Upland varieties. Low lint percentage 
was dominant in 2 crosses and high lint percentage partially dominant 
in a third. One cross segregated In the normal 3 el ratio in the Fg
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generation, however, the “scant lint” type involved in these crosses 
end those of Thadani (29) make it doubtf ul that the results obtained 
could be applied to crosses between 2 normal linted types.
0 'Kelly and Hull (22) studied segregation for lint percentage 
in the Fg generation of 22 crosses involving the Upland 'varieties 
Cleveland, Half and Half, Hiller, Okra Leaf, Trice 7Sf, and Sea Island,
* barbadense type. They stated that in crosses between species and 
between Upland strains where the percentage differences were narrow, 
it was not possible to definitely determine the nature of segregation. 
High lint percentage was partially or entirely dominant where segrega­
tion was definitely evident.
Ware (31) explained the conflicting results on direction of 
dominance of lint percentage that he obtained from several Pima and 
Sea Island x Upland crosses as follows s Dominance of low lint per­
centage in the generation of Pima x Winesap and Upright crosses 
was brought about “not because of a decrease in lint yield, but by 
reason of the fact that the seed weight was increased through hybrid 
vigor11 •
Eine and Tilley (15) stated that the mean lint percentages 
of the generations of crosses between strains of Coker 100, Deltaplne, 
and Stoneville for a 2 year period were slightly below that of the 
higher parent. Partial dominance of high lint percentage was indicated,,
Paliatseaa (23) obtained significant differences for lint 
percentage among 97 lines of a Delta Smooth Leaf x Stoneville 
Composite crocs. The parents differed by 6.5£ in lint percentage.
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H© calculated a heritability value of 77$ from a components of variance 
analysis and 35$ using the regression of Fj line mean® on Fg plants 
as a basis. Application of Wright »s formula to the data yielded a 
ainiaua gene difference of 8 major pairs between the parents. The 
number of F^ lines not exceeding the variability of the parents, 
however, indicated that a smaller number of genes was involved#
Mason (17) studied the inheritance of lint percentage in the 
F2 generation of a WLlds x Half and Half cross. The Wilds parent had 
a mean lint percentage of 32.9$ while that of the Half and Half parent 
was hQ.1%*
He found indication of partial dominance of low lint percentage 
and offered an explanation for the conflicting reports on direction 
of dominance for lint percentage as reported by McLendon (18), Ware 
(31 It 32), 0*Kelly and Hull (22), and others. He stated that since 
lint percentage was a complex character dependent upon lint density 
inday and seed index, the direction of dominance would depend upon 
the relative influence of these 2 factors in determining lint percentage 
of a specific arose. Hybrid vigor for seed sise will tend to make low 
lint percentage dominant which is in agreement with what ware (31) 
reported in 1931. Mason, however, also offered a possible explanation 
of why dominance of high lint percentage might also occur in some 
crosses. In crosses between parents differing little or none at all 
for seed sise and where hybrid vigor for seed sise may not be expressed, 
the partial dominance of high lint density, which was reported in his 
paper, will tend to cause high lint percentage to be dominant#
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Mason (17) calculated a heritability value of 60% fro® his 
Fg data indicating that selection for lint percentage in that genera­
tion on an individual plant basis might be effective even though lint 
percentage is such a complex character.
Deshotels (5) obtained data which showed that low lint 
percentage was partially dominant over high lint percentage and 
calculated a heritability value of 63% for the character in the f 
generation of a Tuxtula x Half and Half cross*
Xoung (33) calculated a heritability value of 71% from Fg 
data of a Delta Smooth Leaf x Hurley Long Boll cross and a value of
i
h3% based on regression of lines on Fg plants for lint percentage* 
He found that the highest 10 Fg plants produced $ of the highest 10 
lines in respect to lint percentage.
Correlations of lint Percentage 
Lint percentage is, of course, a complex character dependent 
in its expression on seed sise and lint density index or weight of 
fiber per unit area of seed surface*
The correlations that have been reported between lint 
percentage and seed sise have been reviewed in the discussion of 
seed index* All reports have been in agreement that the association 
between lint percentage and seed sise is a negative one* This is to 
be expected since a given amount or weight of small seed will have a 
larger surface area exposed than the same amount or weight of large 
seed* As a consequence a larger weight of lint will be produced on
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small seed than on large seed of an equal weight other factors being 
equal.
The sise of the correlation coefficient© between seed size 
and lint percentage varies from a low of -0*232 reported by Leake (16) 
to a high of -0.6ii0 reported by deshotels (£)• This variation in 
degree of association of the 2 characters may be expected, however, 
for several reasons. The magnitude of the correlation coefficient is 
directly affected by the amount of variation shown by the 2 variables 
involved. Some correlations were obtained within varieties or 
homozygous strains in which variation for seed size and lint percentage 
was environmental and relatively small. On the other hand, some 
reported values were obtained from segregating populations in which 
genetic as well as environmental variation was present.
Lint percentage is also affected by Unt density as well as 
seed sise. As a consequence higher associations Detween seed size 
and lint percentage might be expected, and will result, in populations 
in which little or no genetic variation for lint density occurs than 
in populations with the same variation for seed size but large genetic 
variation in lint density index.
The negative association of these 2 characters is an important 
one to the plant breeder* Selection for high lint percentage regardless 
of seed size may lead to development of small seeded types with high 
lint percentage but little or no increase in amount of lint produced 
per unit area of seed surface.
The literature pertaining to the association of lint percentage
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with lint density was reviewed under the discussion of lint density 
index* The correlation coefficients are all positive as would be 
expected* An increase in density of fiber should result in a higher 
lint percentage unless of course* accompanied by an increase in seed 
else* Paliatseac (23) and Young (33) reported a slight but significant 
negative association between seed else and lint density while Mason 
(IT) and Deshotels (f>) found very small positive associations*
The magnitude of the correlation coefficients between lint 
density and lint percentage also varies; from an r value of 0.91U 
reported by Hods on (10) to a low of 0*330 reported by Iyengar and 
Turner (13) • Explanations for this variation are similar to those 
given for variations in degree of association between seed index and 
lint percentage. First, the amount of genetic variation in the 
populations studied varied for the 2 characters* Secondly, the amount 
of genetic variation for seed sise, which also differed in the various 
populations studied, would influence the extent to which lint density 
and lint percentage is associated*
Yield
Yield per acre is a very complex character dependent upon 
various component characters all of which have a very complex inheritance* 
For this reason, and in addition, because of the tremendous effect of 
environment on yield no attempts have been made to analyse the 
character directly from a genetic standpoint*
According to 0 ,Kelly and Hull (21) Harland, in studying inbred
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lines of See Island cotton, found a significant positive correlation 
(r * 0*46) between yield of parent strain and yield of daughter 
strain* Apparently only about 20 strains sere involved*
O'Kelly and Hull (21) reported on the parent-progeny 
correlations of yielding ability from Individual plant selections 
followed by progeny test in 3 Opland varieties* Over a 5 year period 
only a few values reached significance* At the same time significant 
parent-progeny correlations for lint percentage and staple length 
were found in the material* The authors stated "a cotton breeder would 
be justified in discarding before planting those selections which are 
undesirable in lint percentage and staple length* He could not, 
however, use selection (individual plant) for yield to determine 
which would be discarded provided normally productive plants were 
selected in the field* The yielding ability of cotton plants must 
be measured in progeny and later tests*9
Paliatseas (23) obtained correlations of yield and the 
following characters in 97 Fj lines of a Delta Smooth Leaf x Stoneville 
Composite cross:
Characters correlated r values
yield of seed cotton and lint percentage -0*013
Held of seed cotton and seed index <-0*101
Held of seed cotton and lint index 0*098
Held of seed cotton and lint length 0*076
Held of seed cotton and lint strength 0*085
Hone of the values approached significance* Paliatseas (23) 
explained that the phenotypic values for yield in the Fj generation
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were predominantly influenced by environment end did not necessarily 
express the genetic values. Therefore any lack of association of 
the phenotypic values of the F^ lines for yield with the other 
characters did not mean lack of association of their genetic values*
MATERIALS AND METHODS
The Fj Generation 
The material used in tills stuĉ r consisted of the parents, 
and F^ generations of a cross between 2 Upland varieties, Wilds 
and Half and Half • Neither of the parents is extensively grown at 
present but they were well suited for genetic analysis as they 
differed appreciably for many characters of economic importance*
The original cross was made in the green house in the winter 
of 191*8 and 19h9* Seven plants of the Wilds parent and U plants 
of the Half and Half parent were grown, and arbitrarily numbered for 
identification purposes* The following crosses were made* Half 
and Half-2 x Wilde-1, Wilds-7 x Half and Half-1, and Half and Half-1 
x Wilds-2*
In the spring of 19h9 the F^ plants of the Wilds-7 x Half 
and Half-1 cross were grown in the field* Due to poor growing 
conditions and the necessity of late planting the plants had 
to be transplanted to the green house in September of 19h9$ in order 
to secure sufficient Fg seed*
The original parent plants, having remained in the greenhouse, 
were again crossed and selfed in the fall of 19^9 • In the spring of
%
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1950# the, selfed seed of each parent, F^ seed, and Fg seed of the 
Wilds-? x Half and Half-1 cross mere planted in the field* The 
material was groan on Lintonia silt loam soil at the Perkins Hoad 
Agronoay Farm of the Louisiana Agricultural Experiment Station*
The generation mas grown on 3 X/2 foot rows in single plant hills 
spaced 30 inches apart to facilitate handling of individual plants*
Each plant was tagged with an identifying number* Seed cotton of 
each plant was harvested separately* Sufficient seed cotton for 
analysis was produced on 211 Fg plants of the Wilds-T x Half and 
Half-1 cross* A genetic analysis of seed index was made in the Fg 
generation by Has on (17 )• He also made a genetic analysis of lint 
density index, and studied lint percentage and lint index in the cross* 
An attest was made to obtain selfed seed from each Fg plant* 
One-half pound paper bags were placed over developing buds before 
opening of the flower* These bags served to mark the selfed bolls 
and these were harvested separately from open pollinated bolls*
Selfed seed of each parent were also obtained*
Sufficient selfed seed were obtained from 165 Fg plants of 
the Wilds-? x Half and Half-1 cross* Selfed seed of each parent 
were planted along with 165 lines at the Perkins Hoad Agronomy 
Farm of the Louisiana Agricultural Experiment Station, in the spring 
of 1?51* Two commercial varieties, Empire and Deltapine 15 were also 
included in the test*
The experiment was planted in a 13 x 13 triple lattice design 
with 15 replications* Approximately 4 to 5 seeds per hill were planted
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and later thinned to 2 plants per hill. JSach 2 plant hill made up 
a single plot in the experiment and the hills were spaced 18 inches 
apart* A maximum of 30 plants per line were retained after thinning* 
Sach F^ line was assigned a umber and could be traced back to its 
respective F2 plant. The plants within each line were numbered from 
1 to 30*
2h addition to the application of U00 pounds per acre of a 
6-6-8 fertiliser before planting the cotton was side dressed midway 
the growing season with 100 pounds per acre of Nitrate of Soda.
Frequent applications of insecticides were made to control the boll 
weevil and boll worn.
Although an imperfect stand was obtained, the plants grew 
and fruited well. Seed cotton was harvested separately into cloth 
bags from each plant of each line. These individual plant samples 
were ginned cm a roller type gin, after grouping (not bulking) the 
individual plants into their respective lines. All analyses of seed 
and fiber properties were conducted in the Fiber Laboratory of the 
Louisiana State University.
The characters seed index, lint density index, lint percentage, 
and lint index were included In the study of the material* A 
description of these characters and the manner in which they were 
studied follows t
Seed index- defined in this study as the weight of 100 seed 
in grams. After the cotton was ginned and the total weight of seed 
produced by each plant recorded, 100 seed were counted from each
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sample. These were weighed to the nearest 0.1 gram on a Tortion 
Balance* No plant producing fewer than 75 seed was used as it was 
felt that so small a sample might not be representative*
An estimation of number of genes involved In the inheritance 
of seed index and heritability of the character were determined#
lint density index- defined in this study as weight in
grams of lint produced on 100 square centimeters of seed surface*
The following formula was used in its calculation:
lint density index = Weight of lint from 100 seed ,
Square centimeters of seed surface per~ 100 seed '
The weight of lint per 100 seed is# of course# lint index
and the manner in which it was determined is described later* Square 
centimeters of seed surface per 100 seed was determined in a similar 
manner as that applied by Bodson (9)* Exactly 80 milliliters of 
alcohol were delivered into a 100 milliliter graduated cylinder*
The same 100 seed used to determine seed index was placed into the 
cylinder and the displacement in cubic centimeters to the nearest 
0*1 cubic centimeter was recorded* Hods on (9) prepared a table for 
conversion of volume in cubic centimeters of cotton seed to square 
centimeters of seed surface# based on the assumption that the cotton 
seed represented a cone with hemispherical base more nearly than any 
other geometrical figure* This table was used to obtain square 
centimeters of seed surface for the 100 seed sample of each plant*
The results are reported as weight of lint per 100 square centimeters 
of seed surface simply because the resultant figure is of a magnitude
100
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that lends Itself well to calculation*
The number of genes involved in the inheritance of lint 
density Index and the heritability of the character was determined 
from d&ta*
lint percentage- defined as the percentage, by weight, of 
seed cotton which is lint* 'Die percentage of lint is derived from 
the following formula*
lint percentage - Weight of lint per plant
Weight of seed cotton per plant
Lint percentage was determined for each plant in each parent
and line* No attempt was made to determine the number of genes
involved in its inheritance but an analysis of heritability of the 
character was made*
lint index- defined as the weight of lint in grains produced
on 100 seed* Lint index was determined from the following formula:
Lint index * Weight of lint per plant x seed index
Totai weight of seed per plant
Lint index was determined for each plant in each parent and 
Use* Wo attempt was made to estimate number of genes involved 
In its inheritance, but an analysis of heritability of the character 
was made*
Estimation of Number of pairs of genes involved* A frequency 
distribution table for seed index and lint density index was made 
for each parent and line* In addition, a line mean, standard 
deviation, and coefficient of variation was obtained for each. The
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lines were ranked in ascending order according to the line mean. 
Each F^ line was then compared to the parents. Those F^ lines that 
were identical or similar to the parents in respect to H n© mean, 
range, and standard deviation, were considered to represent parent 
genotype recoveries. The frequency of recovery of such lines was 
determined and compared to the frequency of recovery expected for 
segregation of various numbers of major genes, to give some indication 
of the number of pairs of genes by which the parents differed#
The Fj data were also used to more accurately detersdne 
those plants in the F2 generation that were actually parent genotype 
recoveries, based on progeny test, and the frequency at which they 
occurred# This was done in the following manner# First, the 
number of lines that represented the recessive parent genotype 
was estimated as described above# This number was then divided by
the total number of ?2 pl^ts that were classed in that generation
as the recessive parent genotype recovery and progeny tested in the 
generation. This gave the proportion of Fg plants that were 
assumed to be parent genotypes that proved to be on the basis of the 
progeny test# The total number of Fg plants assumed to be the 
recessive parent genotype recoveries was then multiplied by this 
proportion or percentage to obtain a f inal estimate of number of 
parent genotypes recovered in Fg# This number was then divided into
the total number of F2 plants to give the frequency of recovery of
the recessive parent in the F2 generation#
By dividing the average parental differences by the number
JUo
of pairs of genes apparently differentiating the 2 varieties* an
estimate of the average contribution of each effective major gene
pair was determined for lint density index and seed index#
Heritability- defined as that portion (expressed as percentage)
of the total variance which is due to hereditary variance alone#
Heritability was calculated for lint Index and lint percentage as well
as seed index and lint density index#
Heritability was calculated as regression of the Fj line
means on their respective Fg plants* The regression coefficient*
the symbol for which is bj was calculated as follows t
b m Sun of products xy 
Sum of squares x
The symbol x in the formula represents the independent variable 
or the expression of Fg plants and the symbol y represents the means 
of the lines* or the dependent variable* Regression* or b* is 
actually the amount of change in the dependent variable brought about 
by an increase of 1 unit of the independent variable# The regression 
coefficient obtained was converted to percentage and used as an 
indication of the relative heritability of the characters studied*
The correlation coefficient was also used to indicate the degree of 
association between F^ line means and the expression of the characters 
by the Fg plants*
As a further indication of relative effectiveness of selection 
on the individual plant basis for the characters studied in the Fg 
generation the following procedure was followed# The Fg plants were
hi
ranked in ascending order as were the F^ lines. The top 10$ of Fg 
plants in the expression of eaoh character was selected and the actual 
number of these that produced F^ lines among the top 10$ of F^ lines 
was determined.
Associations among the characters- The associations among 
the various characters studied were detexmined by calculation of the 
correlation coefficients* The correlation coefficient, the symbol 
for wfoioh is r, measures the tendency of 2 variables to vary together* 
The r value may range from -1 to / 1* A plus r value indicates that 
an increase in the expression of 1 character will result in an 
increase in the expression of a second character* On the other 
hand, a negative r value indicates that an increase in the expression 
of 1 character will result in a decrease in another. The magnitude 
of the r value indicates the degree of association of the 2 characters*
An r value of 0 represents an absence of association between 2 variables.
Correlation coefficients were calculated among all variables 
which appeared to show significant associations in the Fg generation* 
line means for the various characters were used to calculate the 
correlation coefficients* The following correlations were obtained:
Seed index and lint density index 
Seed index and lint index 
Seed index and lint percentage 
Seed index and fiber length 
lint density index and lint index 
Lint density index and lint percentage
1|2
The F^ Generation
After completion of the F3 analysis, 98 of the 165 F3 lines 
sere selected to represent the complete range in the F3 generation 
for seed index, lint density index, fiber length, and fiber strength.
The 100 seed samples of all plants within each selected line were 
bulked and aoid delinted to furnish the F^ seed. Each F^ line was 
assigned a number which could be traced back to the F3 line from 
which it came.
The 98 lines along with each parent were planted at the 
Perkins Bead Agronomy Farm of the Louisiana Agricultural Experiment 
Station in the Spring of 1952. The experiment was planted in a 
10 x 10 lattice design with k replications. The test was located 
on a Linton la silt loam soil which had been fertilised with 600 pounds 
of a 6-8-8 fertilizer before planting.
The test was planted on rows 1*2 Inches in width, each plot 
being 30 feet in length. Border rows were planted at each side of 
the test and border plants were also planted at each end of the row.
• Each replication, composed of 10 incomplete blocks of 10 plots each, 
occupied 35 rows 105 feet in length; the entire experiment occupied 
lhO rows excluding borders.
Approximately 300 seeds per 30 foot plot were evenly distributed 
in a previously opened furrow. A practically perfect stand was 
obtained. When the cotton seedlings had reached a height of about 
6 to 8 Inches each plot was thinned to 62 plants. Thirty-one 2 plant
to
hills spaced 12 inches apart remained in each plot after thinning*
A side dressing of Nitrate of Soda at the rate of 100 pounds 
per acre was applied Just prior to squaring of the cotton plants* 
Frequent applications of insecticides were made* The cotton was 
defoliated Just before harvesting with an application of Calcium 
Cyanaald at the rate of about 20 to 25 pounds per acre*
Dry weather during the growing season coupled with damage 
from boll rots Just prior to harvest undoubtedly caused yield reduc­
tions* Damage done by the diseases was general, however, end although
yields were low it is felt that relative yields of the lines were 
as reliable as a single years results can be*
As soon as possible, 2$ normal sized undamaged bolls were
picked at random from each plot in the experiment* These 25 boll 
samples were ginned separately on a roller type gin* The remaining 
seed cotton was harvested, each plot separately, into 20 pound 
Kraft paper bags and ginned in the same manner*
Yield per plot of lint cotton and seed cotton, number of 
bolls per plot, and number of seeds per boll were obtained from the 
material as followst
Yield of lint cotton- After ginning, the total weight of 
lint produced on each plot was obtained* Weight of lint cotton was 
determined to the nearest gram on a Toledo Scale* The average yield 
of lint produced by each line was obtained by averaging the weight 
of Hnt from the U plots on which it was grown* Yield of lint cotton 
of each line, then, is reported as an average yield of lint per plot
hh
in grans*
Hold of seed cotton- field of seed cotton is also 
expressed as average yield per plot for the 98 lines and each 
parent* the average yield per plot of seed cotton was calculated 
in the same manner as that described for calculation of average 
lint cotton yield per plot*
Number of bolls per plot- the total weight of seed cotton 
in the 25 boll samples was determined to the nearest 0.1 gram* By 
dividing this total weight of seed cotton by 2$ the average weight 
of seed cotton per boll was obtained* the number of bolls per plot 
was then calculated by dividing the weight of seed cotton per boll 
into the total weight of seed cotton produced per plot* The average 
number of bolls per plot of each line was then calculated by 
averaging the number of bolls of the k plots on which it was planted* 
Nmrijer of seeds per boll- The average number of seeds per 
boll was determined from the 2$ boll samples of each plot as follows i 
Three hundred normal seed were counted from each sample and weighed 
to the nearest 0*1 gram* The weight of 300 seed was divided into the 
total weight of seed in the 25 boll sample. This factor was multiplied 
by 300, giving the total number of seed produced by the 25 bolls*
This in turn was divided by 25, giving the average number of seed 
produced per boll. The average number of seed per boll for each line 
was finally obtained by averaging the number of seed per b o U  of the 
U plots on which it was planted*
Association of field with its components- The association of
hS
yield with its various components and also with length and strength
of fiber was measured by calculation of the correlation coefficient.
The following correlation coefficients were obtained.
Lint density index and yield of lint cotton and seed cotton
Seed index and yield of lint cotton and seed cotton
Seed surface area and yield of lint cotton and seed cotton
Lint index and yield of lint cotton and seed cotton
lint percentage and yield of lint cotton and seed cotton
Humber of bolls per plot and yield of list cotton and seed cotton
Humber of seeds per boll and yield of lint cotton and seed cotton
With the exception of number of bolls per plot and number of 
seeds per boll* which were obtained from data as explained above,
the correlations were between F^ line means for the various characters
with their respective line means for yield of lint cotton and seed
cotton.
&&SULTS AND DISCUSSIONS
Inheritance of Xield Components 
1 Seed Index 
Seed index is the weight in grams of 100 seed. The 
inheritance of seed index was studied in the F^ generation, con­
sisting of 165 F3 lines, of a cross between Wilds-? x Half and 
Half—1. Table I of the APPENDIX shows the frequency distribution 
of the parents and each of the 165 lines for seed index. The 
mean, standard deviation, and coefficient of variation of each 
parent and line were calculated and included in the table* Fach 
line represented selfed progeny of a single ^  plant and the seed 
index of the Fg plant from which it was derived is also given.
Selfed progeny of all Fg plants, from a population of 211, ifoich 
produced sufficient selfed seed were grown and no selection for seed 
index was practiced*
Twenty-four plants of the Half and Half parent were grown 
along with the F^ generation in 1951* This parent had a mean seed 
index of 6*8 grams* The 2li Half and Half parent plants ranged from 
8*1 grams to 9.6 grams in seed index and had a coefficient of variation 
of only k*Uh%» The range of 1*5 grams in seed index was probably due 




As shown in Table I of the APPENDIX, 1*3 Hide*? parent plants 
were analysed for seed index. Only 10 plants of this parent were 
grown in 1951* along with the 165 S3 lines* It was felt that so few 
plants night not be a sufficiently good indication of the behavior 
of this parent, consequently, 33 plants grown the previous year*
1950, were also included. These 33 plants were selfed progeny of 
the original Wilds-7 plant used in the cross. It should be pointed 
out that the 33 Wilds parent plants grown in 1950 had a mean seed index 
of 12*8 grams, identical to the mean of the 10 plants grown the same 
year as the lines* Therefore, the grouping of the plants grown the 
2 years should be valid and give a better indication of the behavior 
of the Wilds parent than would either group alone* These U3 Wilds-7 
plants had a mean seed index of 12.8 grams, ranged from 10*7 to 
II4.3 grams and had a coefficient of variability of 6*Ul$*
There was no overlapping of seed size classes between the 
parents* The range and coefficient of variation of the Wllds-7 
parent exceeded that of the Half and Half parent which indicated that 
it might be somewhat heterosygous for seed index* The difference of 
2*QQ% in the coefficients of variation of the 2 parents is not large, 
however, and could presumably be due to chance. In addition, the 
lllds-7 parent plants represented a composite of plants grown 2 separate 
years whereas the Half and Half-1 parent plants were all grown the 
same year, which might account for the greater variability of the 
Wilds parent*
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The mean difference in seed index of the 2 parents was 
2u0 grams* This may serve as an indication of the genetic difference 
to be studied* Mean differences in seed index of 7*0 to 8*0 grams 
are possible among Gossypium hirsutum varieties, consequently, this 
parental difference represented about 50jS of the total genetic 
difference in this group of cottens*
Estimation of the minimum number of ^enes involved* An 
attempt was made to estimate the minimum number of genes with which 
a breeder would have to contend in the recovery of strains equal in 
mean seed index to either parent and equally as homoaygous as either 
parent* Such an estimate j can be obtained by determining the number 
of lines behaving similarly to either parent in a cross such as 
this* The frequency of recovery of such lines can be compared to 
that expected for segregation of various numbers of pairs of major 
genes to obtain an estimate of the minimum number of genes involved 
in the cross*
It should be emphasised that the method described above 
does not normally yield an estimate of the number of genes by which 
the parents of a cross differed* The number of genes differentiating 
2 parents of a cross could be obtained in this manner only when certain 
conditions are met* That is, the parent with the lower expression of 
the character must possess all the genes for the low expression of 
the character by which the parents differ and no differentiating genes 
for the high expression of that character* Likewise, the parent with 
the high expression of the character must possess all the genes for
h9
the high expression of the character, toy which the parents differ, 
and none for the low expression of the character*
Hby an estimate of gene number based on frequency of recovery 
of lines phenotypically like either parent does not necessarily give 
an estimate of number of pairs of genes differentiating the 2 parents 
may be illustrated with the following example*
The genotypes of the 2 parents may be assumed to be as 
follows: AABBcc for the parent with the higher expression of the
character and aabbCC for the parent with the lower expression* Large 
and small letters are used here for convenience and should not be 
interpreted as indicating any type of dominance*
An estimate of gene number based on the recovery of lines 
like either parent will not provide an estimate of the number of 
genes toy which the parents differed in this cross as the conditions 
described above are not met* Note that the parent with the higher 
expression of the character is homozygous at 2 loci for genes for the 
high expression of that character* However, a third locus is homozygous 
for a gene for a loir expression of the character* Likewise, in the 
parent with the lower expression of the character there is 1 locus 
homozygous for a gene for the high expression*
It will be further assumed that the genes which govern the 
expression of the character are additive and are equal in their effects* 
If such were the ease, F^ lines from Fg plants with the following 
genotypes will be phenotypically similar to the higher or lower parent, 
respect! velyt
$0




These Hues theoretically would hair© means and ranges
identical or similar to the parents* In addition* if a sufficient
number of Fg plants were grown and progeny tested* Hues may he
derived fro® Fg plants with the genotypes* AABBGC and aabbcc • These
\
would represent transgressiv© segregates with higher or lower means 
than the parents*
In addition to the genotypes mentioned above* Fj lines 
from Fg Frants with genotypes AABBCc, AABfeCC* and AarBCC, would be 
quite similar phenotypically to the high parent* These lines may 
have slightly greater ranges j however* no Individual plants of these 
lines would be lower than the lowest plant in the high parent line* 
and the mean would be at least equally as high as that of the high 
parent* Likewise* Fg plants with genotypes Aabbco* aaBbco* and aabbCo 
would produce Uses quite similar to the low parent* Again the 
range of these lines might be somewhat larger but they would, contain 
no plants higher than the highest individual plant of the parent line 
and the line mean would be at least as low as that of the low parent* 
in this hypothetical example F3 lines with means equal to 
or higher than the high parent and with no plants below the range of 
the high parent would occur at a frequency of about 1 in 6 Fj lines* 
This frequency would* of course* apply to recovery of the low parental 
expression as well. As is evident* an estimate of the minimum number
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of genes involved drawn from such F^ data would toe 1 major pair, 
since the 1 in 6 frequency is very close to the 1 in it ejected from 
segregation of 1 pair of genes. Actually, however, the parents 
differed by 3 pairs.
As this hypothetical example illustrates it is not always 
possible to base an estimate of number of genes differentiating 2 
parents on the frequency of recovery of ?2 plants or F3 lines similar 
to the parents in their expression of a quantitative character.
This does not mean that the method has no merit, however. In a 
hybridisation program the breeder is interested in obtaining strains 
combining the better attributes of the 2 parents in a homozygous 
condition. The frequency at which these desirable combinations 
occurred would be directly proportional to the frequency at which 
the parental expression of each important character occurred in a 
homoxygous condition. In the hypothetical example given above the 
high parent expression would be recovered at a frequency of 1 in 6 
F3 lines in a homozygous condition. Lines from Fg plants which are 
either AABBcc, AAbbCC, aaBBCC, or AABBCC would meet the specifications 
set up by the breeder in his program.
This method then should provide estimates of minimum gene 
numbers extremely useful to the breeder. In full awareness of its 
limitations and advantages the method was applied to estimate the 
minimum number of genes involved in the inheritance of seed index 
in the lSIlda~7 x Half and Half-1 cross.
For the sake of convenience the frequency distributions
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and statistical data for the parents and the 10 highest and 10 lowest 
*3 lines are presented in Table 1. The lines are ranked in ascending 
order to facilitate comparison of each line with the parents* The 
line mean and range were considered of primary importance in determining 
which Fj lines actually behaved like the parents, although the 
standard deviation and coefficient of variation were also taken Into 
consideration*
Hone of the 165 F^ lines could be considered a recovery of 
the small seed sise of the Half and Half parent. As shown in Table 1, 
line number 157 had a mean seed index of 9*2 grams, the lowest of the 
entire 165 lines* This represented a mean seed index of 0*h gram 
above that of the Hilf and Half parent. This difference was well 
.bow* twice the standard error of the Half and Half parent mean which 
Indicated that the difference was not due to chance alone* In addition, 
the 27 plants of this line ranged from 6*6 to 10*0 grams in seed index 
with a coefficient of variation of 6.97#* There were h plants in the 
line in classes above the highest seed index class of the Half and 
Half parent* Thus, both the range and coefficient of variation 
exceeded that of the Half and Half parent as well as did the line mean*
Failure to obtain any lines in a total of 165 equal in 
expression for seed index to the Half and Half parent would seem to 
indicate that at least more than 2 major pairs of genes were involved* 
The expected rate of recovery if 3 major pair of genes were involved 
would, of course, be 1 line in 61* lines* On this basis the data 
might suggest that more than 3 major pairs of genes were involved
Table 1 Frequency Distribution and Statistical Values for the 10 Highest and 10 Lowest 
Seed Index F3
Lines of the Wilds-7 x Half and Half-1
^ine Numbe r of Hants in Seed Index Classes ltd. Coef1. Fp "tla: Var, ValueLuaber c.S 7.1 7.4 7*7 6 . 0 6.3 8 . 6 8 . 0 0 . 2 9.5 9.6 10.1 10.4 10.7 11.0 11.3 11.6 11.9 12.2 12.5 12.8 13.1 13.4 13.7 14.0 14.3 14.6 Mean Lev.
n In- x a t .
'*-7
3 8r 4 3
1 2 1 3 2 8 7 7 3 5 1 3
8 . 8





157 1 3 4 7 8 3 1 9.2 .6409 6.97% 7.9
98 2 1 3 6 9 3 3 9.3 .4516 4 .86% 8 . 8
51 1 3 2 10 4 3 2 9.5 .5460 5.77% 9 . 6
28 2 4 3 7 5 3 1 1 9.5 . 6026 6.34% 9.7
124 1 4 3 7 5 1 3 9.5 .6554 6.90% 10.3
17 1 1 6 7 5 3 2 9.6 .4396 4.58% 9.9
14 1 1 1 4 5 4 5 3 1 9.6 .7543 7.66% 9.8
82 1 1 3 7 6 5 1 1 9.7 .4817 4.96% 9.6
87 1 1 5 7 5 5 2 1 9.7 .5313 5.48% 9.1
33 1 6 3 4 4 5 2 3 9.7 .6194 6.38% 9.0
6C 1 1 1 2 4 2 2 2 5 1 1 2 12.3 1.0127 8 .23% 1 0 . 2
44 1 3 3 2 5 4 4 1 12.4 .6367 5.13% 13.5
118 1 1 1 4 2 4 5 2 2 12.4 .6392 5.15% 12.7
50 2 2 3 8 2 2 3 1 1 1 1 12.4 .8625 6.94% 14.3
129 1 3 3 2 3 2 12.5 .6450 5.16% 13.1
71 1 2 4 4 5 3 6 1 2 1 12.5 .7622 6.10% 11.8
66 1 2 2 6 1 4 3 2 1 2 2 1 12.5 1 .0 3 2 0 8.26% 11.8
149 3 1 4 6 4 3 1 2 12.6 .6537 5.19% 13.3
74 1 1 1 2 3 4 2 1 2 2 12.7 .9660 7.60% 11.7
133 1 3 3 5 2 4 3 1 13.0 .6 2 48 4.81% 12.7
Sb
since if 3 pair were involved here the recovery of 2 to 3 lines 
lilts the parent would be expected. However, it is possible that 
through chance these lines were not recovered and the data therefore 
do not rule out the possibility of a minimum of 3 major pairs of 
genes.
As shown in table 1, at least 1 line (# 133) must bo con*
. t
sidered a recovery of the expression of seed index of the Wilds*? 
parent on the basis of the criteria previously mentioned, this 
line had a mean seed index of 13*0 grams, this exceeded the mean 
seed index of the Wilds parent and the range (11.6 to lb*3 grams) 
of this line is well within that of the Wilds parent, the recovery 
of a single Fj line in 165 is again indicative that at least more 
than 2 major pairs of genes were involved. This frequency of 
recovery is 1 in 165 which, of course, lies between that expected 
for segregation of 3 and b major pairs of genes.
It should be pointed out, however, that 8 other Hues may 
be considered slb possible recoveries of the Wilds*? parent. These 
were lines numbered 7b, lb9, 66, 71, 129, 50, 118, and bb« line 
number 7b had a mean seed index only 0.1 gram below that of the 
Wilds parent, but must be considered doubtful as 1 plant in the 
line had a seed index below that of the lowest seed index class 
of the Wilds parent* lines lb9, 66, 71, 129, 50, 118, and bb all 
have ranges similar to that of the Wilds parent, that is they contain 
no plants lower in seed Index than the Wilds parent line. There must 
also be considered doubtful, however, as the means of these Hues are
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lower than that of the Wilds parent and with the exception of lines 
50 and 66 none have individual plants with seed Indices as high as 
the highest Wilds parent plant*
If these 8 lines plus line number 133 are considered 
recoveries of the large seed size of Kids in a homozygous condition, 
this might seem to indicate a possibility of a minimum gene difference 
of only 2 major pairs* This would represent a frequency of recovery 
of 1 in 16 F^ lines, close to that expected for segregation of 2 major 
pairs of genes*
Failure to recover any lines similar to the Half and Half
parent would tend to rule out so low an estimate as 2 pairs of major
genes, however* Mason (17) found appreciable dominance of large 
seed size in the and Fg generations of this same cross* Many 
other investigators have noted considerable hybrid vigor for seed 
size expressed in the early generations of iatra-hlrsutum crosses*
It is quite probable that some of the 8 lines previously mentioned 
are not genetically identical with the Wilds parent but appear to 
be because of dominance* Jh view of this fact, plus the failure to 
recover the Half and Half parent seed size in 165 Hues, the data strongly 
indicate that a minimum of 3 major pairs of genes are involved here*
Furthermore, there are indications that a maximum of b
pair of genes are involved* The fact that at least 1 line (# 133) 
was recovered with a mean as high as the Wilds parent and no more 
variable than that parent indicates that no more than It major pairs 
of genes are involved* If 5 pairs were involved a recovery of only
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1 line in 1,02b lines mould be expected. Recovery of a line as similar 
to the Wilds parent as line 133 would hardly be expected in 165 F^ 
lines from randomly selected Fg plants if 5 major pairs of genes 
were involved*
Fifty-four Fj lines contained individual plants equal to 
or lower than the Half and Half parent mean and 89 F3 lines contained 
individual plants equal or above the mean of the Wilds parent in 
their expression of seed index. So great a frequency of recovery 
of such plants seems to suggest that no more than b major pairs of 
genes are involved. The data do not eliminate the possibility of 
only 3 major pairs being involved.
The parents had a mean difference in seed index of b»0 
grams. These data indicated that a minimum of 3 to b pairs of major 
genes were involved in the inheritance of seed index in this cross. 
Consequently, each major pair apparently contributed 1.00 to 1.33 
grams in seed weight.
If the average contribution of each pair of major genes 
affecting seed size in Upland cotton were known, the breeder could 
safely predict the number of genes with which he would have to contend 
in any intra-hirsutum cross in which the mean difference in seed size 
of the parents was known. He would then have an Indication of the 
frequency of recovery of the parent expressions in the early segregat­
ing generations. This in turn would offer some basis for choosing 
the proper method of breeding and determining necessary population 
sizes.
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the average contribution of the major genes affecting seed 
alee or any other quantitative character of tjpland cotton cannot, of 
course, be determined in a single cross. The data presented here do 
not justify such broad generalisation. Perhaps, an accumulation of 
many estimates of minimum number of genes involved in crosses with 
varying mean differences between the parents might someday make such 
a generalisation possible*
It is a practice In some genetic studies to use the frequency 
of plants In the ?2 generation equal to or above the mean of the high 
parent and equal to or below the mean of the low parent as indications 
of the frequency of recovery of the parent genotypes* The data 
obtained in this experiment may serve to indicate the relative relia­
bility of such a procedure*
Actually 5 Fg plants that had mean seed indices lower than 
the mean of the Half and Half parent were progeny tested* As was 
previously discussed, however, no lines could be considered 
recoveries of the Half and Half parent egression for seed sise.
These 5 F2 P^^t* were obviously not parent recoveries. Hue to the 
environment the frequency of recovery of the low parent mean seed 
index was higher than the recovery of genotypes similar to that parent* 
This would seem to indicate that estimates of minimum number of genes 
involved based entirely on recovery of the mean of the low parent 
expression for seed else in the F2 generation would be underestimations* 
Twelve Fg plants classified in that generation as recoveries 
of the Hilda parent expression for seed index were progeny tested*
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However, only 1 line could definitely be considered a Wilds 
parent recovery, although 8 additional lines wer© classed as 
doubtful recoveries,; Even if all 9 line® are consider ;d definite 
recoveries, and they should not be, the data indicate that the 
actual recovery of the WLlds parent genotype in the Fg generation 
was below 12* In addition, $ of these 9 Fj lines (# 133, 7h$ 66,
71, and 118) were selfed progeny of r2 plants below the mean of the 
Hide parent in seed index* Fg plants from which these lines came 
had seed indices of 12*7, 11*7, 11*8, 11*8, and 12*7 grams, 
respectively* Not only was it impossible to determine accurately 
the total number of Fg plants that represented recovery of the Wilds 
parent expression for seed sise, but it was also impossible to deter­
mine what individual plants were recoveries*
These data indicate that for seed sise, at least, progeny 
testing of individual Fg plant® is necessary to obtain a more reliable 
estimate of minimum number of genes involved* Uhderestimations would 
very likely be obtained from Fg data alone*
Heritability and effectiveness of selectiont Another type 
of genetic information was obtained from these data, namely herita­
bs! lity and effectiveness of selection for seed index on the individual 
plant basis* The regression of the line means on their respective 
?2 plant values for seed index was calculated* The regression coeffi­
cient was then converted to percentage and expressed as herltabllity* 
The correlation coefficient between line means and Fg plants was 
also calculated. Means of 163 of the 165 F^ lines were used in the
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calculations• Two lines were omitted because they proved to be
selfed progeny of replants in the Fg generation which gave unreliable 
results*
The regression coefficient proved to be 0.5U9 and the 
correlation coefficient 0*6?lw The heritability value was 
This represented a relatively high value and indicated that selection 
for seed index on an individual plant basis in the Fg generation 
would be effective*
Although the heritability value is useful and extensively 
employed to determine the relative effectiveness of selection for 
various quantitative characters it is greatly influenced by several 
factors* For instance the magnitude of the regression coefficient 
and consequently the sise of the heritability value Is affected by 
the number of measurements used in its calculation* The number of 
genes segregating for a character will also affect the sise of the 
b value as this determines the number of different genetic classes 
and extent of the correlated genetic variance* Therefore., another 
method was also employed to more clearly demonstrate the effectiveness 
of selection for seed index on the individual plant basis in the Fg 
generation of this cross*
The mean seed indices of the 163 F^ lines used to obtain 
the regression coefficient were plotted against the seed index 
values of the 163 plants from which they were derived. This 
scatter diagram is given in Figure 1* The positive association 
between the 2 variables becomes quite evident when they are plotted
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In this manner.
The top of the Fg plants, 16 In number, were enclosed 
ky * solid line in the diagram* In like manner approximately the 
top 10% of the lines, lb in number, were enclosed by a broken 
line* As shown in Figure 1, 7 of the 16 top F g  Plants p r o d u c e d  
lines among the top 1Q% of Fj lines* These 7 lines are enclosed by 
both the solid and broken limes in Figure 1* Therefore, $0% of the 
top lb F^ lines were derived from the highest 16 Fg plants* It 
should be noted that this figure is not too far removed from the 
heritability value of 5b* 9% calculated from the data*
Although approximately half of the highest Fg plants 
produced lines that were not among the top lb, this does not mean 
that the breadar can aspect about half of hi* F, line* to be aorthleas 
in respect to further improvement of seed Index* It should be noted 
that all of the top 16 Fg plants produced Fj lines equal to or well 
above the average of the 2 parents for seed index, which was 10*8 
grams* As shown in the diagram, 9 Fg plants among the top 16 failed 
to produce lines among the top lb* A H  but 1 of these lines 
contained 1 to 5 individual plants equal to the mean of the large 
seeded Wilds parent, however, and would offer some possibility of 
improvement through further selection*
As shown in Figure 1, however, 7 of the top lb Fj lines 
were selfed progeny of Fg plants not among the top 10% of Fg plants* 
Most of these Fg plants were only slightly above average in seed 
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Figure X. Scatter diagram showing the effectiveness of 
selection in Fg for seed index.
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the percentage of the Fg population that a breeder would 
select for progeny test would, of course, vary with the sise of the 
Fg population and the number of Fj lines he felt he could feasibly 
handle* Hot a high percentage could be tested, however, particularly 
from large Fg populations* These data indicate that some superior 
genotypes in the Fg generation might be omitted and inferior genotypes 
quite likely selected due to the effect of environment on seed index 
of individual Fg plants*
Apparently, though, about $0% of the F« plants selected
Iwill produce very superior F3 lines and at least some of the remaining 
$0% would offer some possibility of improvement in seed index through 
further selection* This may be considered a relatively high degree 
of effectiveness of selection on the individual plant basis for a 
quantitative character such as seed index*
2 lint Density Index 
lint density index is the weight in grams of lint per 100 
square centimeters of seed surface* The inheritance of lint density 
index was also studied in the generation of the WLlds-7 x Half 
and Half—1 cross*
Table XI of the APPENDIX shows the frequency distribution 
of the parents and each of the 16$ F3 lines for lint density index*
The mean, standard deviation, and coefficient of variation of each 
parent and F^ line were calculated and included in the table* Each 
F3 represented selfed progeny of a single Fg plant and the lint
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tensity index of the F2 plant from which it came la also given* All 
plants in the Fg generation which produced sufficient selfed seed 
were progeny tested and no selection for lint density index was 
practiced.
As shown in Table U  of the APPENDIX, the 2k Half and 
Half parent plants grown along with the F^ lines had a mean lint 
density index of 5*87 grams. The plants ranged from 5.09 grams to 
6.88 grams with a coefficient of variation of 8.U3*. This range 
of 1.79 grams in lint density index is quite large, which indicated 
that the parent might have been heterozygous • Results from other 
studies in which the same parental material was used plus the fact 
that both parents were quite variable, however, would seem to 
indicate that the Half and Half parent was relatively homozygous 
for lint density index.
Oily 10 plants of the Wilde-7 parent were analysed for 1
lint density index. It was not possible to combine these 10 plants !'
with those grown in 1950 as was done in the case of seed index.
The mean of the 10 plants grown in 1951 was significantly lower than 
the mean of the Wilds plants grown the proceeding year. The 10 Wilds 
plants, had a mean of U*U2 grams and varied from 3.1*0 grams to 5*00 
grams in lint density index and had a coefficient of variation of 
10.57*.
There was no overlapping of lint density classes between 
the 2 parents. Although the Wilds parent had a somewhat larger 
coefficient of variation than the Half and Half parent its range was
6k
actually less* the high coefficient of variation was due primarily 
to the distribution of the small number of plants involved*
The mean difference in lint density index of the 2 parents 
was 1*U5 grams per 100 square centimeters of seed surface* This 
genetically governed difference may appear small but probably 
represents about $0% of the maximum difference available among 
normal linted strains of Upland cotton*
Estimation of minimum number of genes involved? The same 
procedure as that adopted for seed index was applied to the data for 
lint density index in determining the minimum number of genes 
involved in the inheritance of this character* An explanation of 
what the estimate implies is given under the discussion of seed index* 
For the sake of convenience, the frequency distribution 
of the 15 highest and 15 lowest lines and of the parent lines is
reproduced in Table 2*
As shown in Table 2, line number 61 had the lowest mean 
lint density index which was grams. It was the only line with
a mean lint density index as low as the Wilds-7 parent* In addition, 
it was the only line with a range similar to the Wilds parent* Line 
61, therefore, is the only line which could be considered a 
recovery of the Wilds parent expression for lint density index on 
these bases*
If a minimum of 3 major pairs of genes was Involved in the 
inheritance of lint density index in this cross, there would be an 
expected recovery of the low density of Wilds in a homoaygous condition
t&ble 2 Frequency Distribution and Statistical Values far the IS Hiuhost and 15 Loaest F-) Lines of the Wllda-7 t Half and Half-1 crons. 
  _______________ _ _ _____________________  Lint Density Indsr
ONvn
Line Number of P lan ts in  L in t Densitv C lassen s-bd. Coef. ¥2 P lant
Humber 3.6C 3.70 i.SC i . f t >.cv ..10' 4 .5 0  4.6Q_4.7Q 4.8C 4.90 5.00 5. IQ .5.20 5.30 5.40 5.50 5.60 5.70 5.80 5.90 6.00 6.10 6.?0 6 .30 .6 .40  6.50 6.60 6.70 6.80 6.90 7.00 7J.0 7 .20 Bean Dev. Var. Value
H-7
H&E-l
1 1 1 1 1 2 1 2
2 1 4 1 1 1 1 2 2 4 1 2 1 1
4.42 .4674 10.57? -  
5.87 .4939 8.43? -
61 i 1 2 2 6 2 2 3 1 2 4.40 .3817 8. 68? 4.50
53 1 1 3 3 1 1 1 3 2 5 1 2 1 4.61 .4661 10.13? 5.00
43 l 1 1 2 2 4 4 1 3 5 2 2 1 4-65 .3271 7.03? 4 .80
126 1 1 2 1 2 4 1 6 2 1 2 4.66 .2658 5.70? 4.60
69 1 1 1 1 6 3 1 5 2 1 1 1 2 4.68 .3292 7.03? 4 0 0
151 1 1 1 3 1 2 5 2 1 4 2 1 1 4.68 .4665 9.97? 4.80
111 1 1 3 1 5 3 1 1 3 1 1 2 1 1 4.71 .6039 12 .e2? 5.10
94 1 1 2 1 3 1 2 3 1 3 1 2 2 4.72 .3587 7.60? 4-13
87 1 1 1 5 6 2 2 2 1 3 1 1 1 4.73 .3621 7.66? 4-50
3° 1 2 2 3 2 1 1 1 5 2 1 2 1 4.75 .4003 8.43? 5.00
46 l 1 1 1 2 1 1 6 2 3 1 2 4 1 1 4.75 .4211 8.65? 4-00
168 l 1 2 2 1 3 4 2 1 3 1 2 1 1 4.77 .5017 10.52? 4.60
148 1 1 1 1 7 4 3 5 1 4.78 .3387 4.99? 4-00
s; 1 2 2 3 4 2 1 1 3 1 1 4-80 .393.5 8.16? 4.90
105 2 1 1 2 3 1 1 3 1 2 2 2 1 1 4.80  .4779 9.33? 4 .80
90 1 1 1 1 1 1 3 2 4 1 1 2 1 1 1 5.78 .5061 8.76? 6.00
155 2 1 3 1 3 2 2 3 3 4 1 1 5.78 .4243 7.34? 5.50
ICO 1 1 3 2 1 4 3 1 1 2 3 1 5.79 .4713 8. I 4? 6.00
150 1 1 1 1 1 2 3 1 1 1 1 4 1 1 1 1 2 5.79 .5534 9.56? 5.50
48 1 2 4 2 2 3 3 1 2 1 2 1 1 5.79 .3930 6.96? 5.10
2 2 1 1 2 2 1 3 1 2 4 1 4 1 5.81 .4726 8.13? 5.60
144 1 4 2 2 5 2 1 2 2 1 1 5.82 .3805 6.48? 5.70
103 1 3 4 2 1 2 2 2 1 2 1 3 1 1 5.84 .5044 8. 63? 5.40
145 1 1 1 3 1 1 3 2 3 2 3 2 2 1 1 1 5.e6 .4675 7.98? 5.60
79 1 4 2 2 5 2 1 2 2 1 1 5.87 .3805 6.48? 5.70
123 1 2 1 2 1 1 3 1 1 5 3 2 1 5.88 .5534 9.41? -
13 3 1 1 1 2 4 6 1 2 2 1 1 5.90 .5209 8.83? 5.40
167 1 2 2 2 4 3 3 2 2 5.91 .5455 9.23? 5.30
36 3 2 2 3 3 3 1 1 6  3 1 6.13 .4504 7 .3 #  5.70
132 1 2 1 3 3 3 2 3 2 1 1 1 1 2 6.17 .4765 7.73? 6.00
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at a ratio of 1 line in 6U* likewise, if it major pairs of genes were 
involved the expected frequency of recovery would be 1 in 256 lines. 
The actual recovery of the Wilds parent expression was at a ratio 
of 1 in 16$ lines. This would seem to indicate that a minimum of 
3 pairs of genes were involved and by chance the frequency of recovery 
was somewhat low, or that U pairs of genes were involved and the 
frequency of recovery was somewhat above that expected. Certainly 
there is an indication here that more than 2 major pairs of genes 
were involved.
At. least k lines shown in Table 2 would have to be considered 
Half and Half parent recoveries on the basis of line mean and range. 
There were lines number 132, 36, 79, and 12&. The means of lines 132 
and 36 were 6.17 grams and 6.13 grams, respectively, and evidently 
represented transgressive segregates for lint density index, as the 
line means appreciably exceeded that of the Half and Half parent.
Lines 79 and lijij were considered recoveries of the parent expression 
because their means were not far removed from the Half and Half parent 
mean and no individual plants in these lines had lint density indices 
below the lowest plant in the parent line.
The recovery of k F^ lines like the Half and Half parent 
in 165, a ratio of about 1 in 1*1, would seem to indicate that a 
minimum of 3 major pairs of genes were involved.
Furthermore, there were 8 other lines that might on the basis 
of both mean and range be considered possible Half and Half parent 
recoveries. These were lines 167, 133, 123, 1U5, 103, 2, 1*8, and 155*
6?
Reference to Table 2 will show that the lowest mean lint density of 
these lines is 5.78 grams not far removed from the 5*8? gram mean 
of the Half and Half parent. However, most of these lines contain 
plants outside the range of the Half and Half parent.
If these 8 lines plus the k lines previously mentioned 
are considered recoveries of the Wilds parent expression for lint 
density this would represent a frequency of recovery of 1 in It 
lines. This, of course, approaches closely the frequency of recovery 
expected if 2 major pairs of genes were involved.
It should be pointed out that high lint density index was 
partially dominant in this cross as shown by ISason (17) in the F^
?2 generations • It is quite likely that some of the 8 lines previously 
mentioned were not genetically identical to the Half and Half parent 
but appeared to be because of dominance. Because of this possibility 
and because the frequency of recovery of the Wilds parent was so 
low, these data seem to indicate that at least more than 2 major 
pairs of genes were involved here.
This frequency of recovery of the Half and Half parent of 
1 in lb is probably high because of the effect of dominance. Likewise, 
the frequency of recovery of the Wilds parent, 1 in 165, might be 
somewhat low because the normal range of that parent might not have 
been sampled with only 10 plants. The actual frequency of recovery 
probably lay somewhere between these 2 estimates. Therefore, the 
data obtained in this experiment indicated that a minimum of 3 major 
pairs of genes were involved but the possibility that k major pairs
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were involved cannot b© ruled out#
A minimum of 3 ot h major pairs of genes probably governed 
the inheritance of lint density in this cross between parent® that 
differed by 1*1*5 grams of lint per 100 square centimeters of seed 
surface# Each major pair of genes, then, apparently contributed from 
0*36 gram to 0.1*8 gram in lint density index#
These data were also used to determine the relative 
reliability of estimates of minimum number of genes made from Fg 
data for the character lint density index# Twenty-six Fg plants 
with mean lint density indices below that of the Wilds parent mean 
were progeny tested* As stated earlier only 1 F^ line proved to be 
a recovery of the Wilds egression for density# Again there is an 
indication that the frequency &f recovery of Fg plants equal or 
below the mean of the low parent was not a sufficiently reliable 
figure on which to base an estimate of minimum number of genes* Such 
a procedure would lead to an underestimation of the number of genes 
involved*
Fifty-six lines were progenies of plants with mean 
lint density indices above the mean of the Half and Half parent.
The number of Fg plants exceeding the mean of the nigh parent in 
lint density was high bee axis© of the partial dominance of high lint 
density* Therefore, not all these plants could be expected to breed 
true* As discussed previously, only 1* F^ lines could be considered 
Half and H»if parent recoveries with a large degree of certainty 
and 8 additional Fj lines were classified as doubtful recoveries of
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the Half and Half expression. Since practically all Fg plants above 
the mean of the Half and Half parent were progeny tested not many 
more than 12 Fg pleats could have represented recoveries of the 
Half and Half parent* Use of the recovery of this parent- expression 
would again lead to an underestimation of number of genes involved 
in a cross if based on Fg data alone*
Heritability and effectiveness of selection; Heritability 
and effectiveness of selection on the individual plant basis were also 
determined for lint density index* The regression coefficient of 163 
line means on their respective F2 pla&t values for lint density 
index was converted to percentage to obtain the heritability value*
The correlation coefficient between line means and Fg plant values 
was also calculated*
The regression coefficient proved to be 0*362 and the 
correlation coefficient 0*5Ul* The heritability value was, of course, 
36.2$£. This value was appreciably below the $b*9% heritability 
calculated for seed index, indicating that selection for lint density 
would not be as effective as selection for seed index.
A scatter diagram like that plotted for seed index is 
given in Figure 2 for lint density* The mean lint density index of
the 163 F3 lines used to obtain the regression coefficient were
plotted against the lint density index values of the 163 Fg Plants 
from which they came* The poBitive association between the 2 variables
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Figure 2* Scatter diagram showing the effectiveness of 
selection in F2 for lint density index*
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The top 10t of the Fg plants, 16 in. number, were again 
enclosed by a solid line. All had lint density indices of $.75 
grams or above. likewise, the top 10$ of F^ Hues, 16 in number, 
were enclosed by a broken line. All had mean lint indices of $.75 
grams or above.
Reference to Figure 2 will show that 6 of the top 16 Fg 
plants produced F^ lines among the top 16 3̂  lines. Therefore, 36$ 
of the top 16 Fg plants produced lines among the top 16. As was 
the case for seed index, this percentage is very close to the 
heritability value calculated from the data.
It should be noted that the remaining 10 F2 plants produced 
some F^ lines that might be valuable for further improvement in 
lint density index through selection. Two of these 10 lines had 
mean lint density indices below the average of the 2 parents. Only 
2 plants in each line were as high as the Half and Half parent mean 
in lint density. These lines would probably be of little value for 
further improvement. Three other Fj lines of the remaining 8 with 
mean lint densities of 5.20 grams, 5.28 grams, and $.UH grams had 
only 2, !*, and 3 plants respectively that were equal to the Half and 
Half parent mean in lint density index. These lines would also be 
of doubtful value for further improvement. The 5 remaining lines 
had mean lint indices from 5*33 to 5*73 grams. They contained from 
5 to 10 individual plants as high in lint density index as the Half 
and Half parent mean. These 5 lines would probably be valuable for 
further improvement through selection.
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On the other hand, 10 F^ lines among the top 16 came from 
?2 pleats not among the top 10# in that generation* One of these 
lines was derived from an Fg plant with a lint density index of U*17 
grams although the remaining 9 came from Fj» plants well shove average 
in lint density* IXie to the effect of environment these Fg plants with 
superior germ plasm were phenotypi cally lower in lint density than 
other Fg plants with less desirable germ plasm* Many of these plants 
would have gone unseleeted by a breeder*
It should be pointed out, however, that although lint density 
index showed what might be considered a relatively low heritability 
value, selection on the individual plant basis in Fg would still be 
somewhat effective, Six of the top 16 F2 plants produced lines among 
the top 16 F^ lines* In addition $ other lines produced by F2 plants 
among the top 16 proved to be of possible value through further 
selection* therefore, 11 of the top 16 Fg plants yielded lines with 
some merit which is probably a more effective selection than the 
heritability value of 36*2# would indicate*
3 lint Index
Lint index is the weight of lint in grams produced per 100 
seed. It is a complex character dependent on the interaction of seed 
size and lint density index for its expression* All other factors 
being equal, the larger the seed of a given strain the larger the lint 
index will be. The fiber is borne on the seed surfaces consequently, 
an increase in seed size or surface area would lead to a higher weight
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of lint per 100 seed* Likewise, the larger the lint density index 
or weight of fiber per unit area of seed surface of a given strain 
the larger the lint index will be, other factors being equal*
In Table 3 the mean lint indices of the Wilds-7 and Half 
and Half-1 parents are given* The Wilds-7 parent had a mean lint index 
of S*9 grams and the mean of the Half and Half parent was also S*9 
grams* In addition, the ranges of the 2 parents were quite similar*
The Half and Half parent ranged from 5*1 grams to 6*7 grams in lint 
index while the Wilds parent ranged from t*7 to 6*5 gram©*
The question might arise a© to how the 2 parent© could be 
so similar for lint index yet be appreciably different genetically 
for its component characters, seed size and lint density index*
This becomes apparent when we consider the mean seed indices and lint 
density indices of the 2 parents which are given in Table 3* The 
Half and Half-1 parent had small seed, weighing only 8*8 grams per 
100 seed, but had a relatively high lint density index of 5*87 grams 
per 100 square centimeters of seed surface* Although the weight of 
lint per unit area of seed surface was relatively high, the surface area 
exposed on 100 of its small seed was low, therefore the Half and 
parent was only intermediate in lint index (5*9 grams)*
On the other hand, the Wilds-7 parent had a large seed,
100 of these weighing 12*8 grams* The lint density, however, was 
relatively low, L*i|2 grams per 100 square centimeters of seed surface* 
Although the surface area exposed on 100 of its large seed was high 
the weight of lint per unit area of seed surface was low, therefore,
Table 3 Average lint index, seed index* and lint density index 
of the parents* 10 lowest* and 11 highest F* lines in 
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the lint Index (5.9 grams) of the Wilds-7 parent was also intermediate. 
For these reasons the lint index of the 2 parents was essentially 
the same.
The lint index of each plant in each of the 16$ Fj lines 
was detexmined and the mean lint index of each line calculated. The 
mean lint indices of the 10 lowest and 11 highest Fj lines are given 
in Table 3* The mean seed index and lint density index of each are also 
included in the table.
is shown in Table 3* the 10 lowest lines had mean lint 
indices ranging from $.1 to $.1* grams. These lint Indices were 
appreciably lower than that of either parent.
F^ line number 6l was 1 of the 2 lowest F^ lines In regards 
to lint index* with a mean of $.1 grams. The reason for its low 
lint index becomes apparent when it is examined for its expression 
of seed index and lint density index, line 61 had a mean seed index 
of 10.$ grams and a mean lint density index of grams. Note 
that its mean lint density is almost identical to that of the low 
Tilda parent and that the average seed index of the line* 10.$ grams* 
is about intermediate between the parents yet the seed surface is as 
sparsely populated as that of the low density Wilds parent* As a 
result the weight of lint produced per 100 seed* or lint index* was 
below that of either parent. This line was evidently the selfed 
progeny of an Fg plant which represented a recombination of genes for 
low lint density* contributed by the Wilds parent* with genes for 
snail seed aims* contributed by the Half and Half parent*
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like lino number 61, the remaining 9 lines in Table 3 
with mean lint indices below either parent were probably selfed 
progeny of Fg plants which represented new combinations of genes 
for nail seed size with genes for low density contributed, respectively, 
by the Half and Half and Wilds patents* This is evidenced by the 
fact that these 10 lines have seed indices below the average of the 
2 parents, with the exception of line 126, and lint density indices 
far below that of the Half and Half parent*
As shown in Table 3, line number 87 and 61 both had lint 
indices of $*1 grams. In regard to lint index these 2 lines, like 
the parents, are phenotypically identical yet it is obvious that 
they are genetically different. Line 8? had a lint density index 
of U*73 grains, appreciably above the lt*liO grams of line 61* However, 
line 87 had a seed index of 9*7 grams compared to the 10*5 grams of 
line 61* Though different for the 2 components of lint index the 
interaction of seed index and lint density of the 2 lines was such 
as to yield identical lint Indices for both*
The 10 lines in Table 3 lower than either parent in lint 
index nay be considered to be transgressive segregates. Although 
the amount of transgressive segregation shown by these 10 lines is 
large the amount possible did not occur* Note in Table 3
that line 61 had the lowest lint density index (U.UO grams) while 
line 157 had the lowest seed index (9*2 grams)* Had the lint density 
of line 61 been combined with the seed index of line 157 in a single 
strain, this strain would undoubtedly have had a lint index below
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S«1 grams, the lowest of the 165 lines. As discussed earlier no Fj 
lines were obtained which could be considered recoveries of the Half 
and Half-1 parent expression for seed slse. Had such a strain with 
a mean seed index as low as the 8.8 gram seed index of the Half and 
Half parent been recovered which had a lint density index as low as 
line 61 (luliO grams), the mean lint index of this strain would have 
been even lower*
The maximum amount of transgressive segregation would occur 
only if Fg plants which represented recombinations of all the small 
seed siee genes contributed by the Half and Half parent with all the 
low density genes contributed by the Wilds—7 parent were progeny 
tested. The foregoing statement would be true only if there was no 
possibility of transgressive segregation for either component of lint 
index*
Beference be Table 3 will show that the 11 highest Fj lines
had lint indices ranging from 7*1 to 7*8 grama, well above that of
either parent. Line number 133 had the highest lint index, 7*8 grams, 
of the entire 165 Fj lines grown. The reason for its high lint index 
becomes apparent idien it is examined for its expression of seed sise
and lint density index. Line 133 had a metn seed index of 13.0 grams.
Hate that the mean seed inddx of the line was equal to, actually 
slightly above, that of the Wilds parent. The lint density index of 
this line was 5#90 grams, actually slightly above that of the Half 
and Half parent. As much surface area would be exposed on 100 seed 
of this strain as the average of the large seeded parent and the
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density of fiber per unit area of seed surf ace. would be as great 
as the average density of the high density parent. This line was 
evidently the selfed progeny of an Fg plant which represented a 
recombination of genes for the large seed size of Wilds-7 with genes 
for high lint density contributed by the Half and Half parent. Such 
a recombination would naturally result in a lint index above that of 
either parent. All 11 of these lines were probably new combinations 
of seed index and lint density genes as all had seed Indices and 
lint density indices well above the averages of the 2 parents.
The Table shows that k F3 lines (# 36, 7k, 107, 150) had 
identical lint indices of 7*2 grams. Although phenotypically 
identical for lint index these lines were obviously different 
genetically for its component characters. line 7k had the largest 
seed index (12*7 grams) of these U lines but had the lowest lint 
density (5*U2 grams). line 36 had the smallest seed size (11.2 
grams) but had the highest lint density (6.13 grams). lines 107 
and 150 lay between lines 36 and 7k in their expression of seed index 
and lint density. These lines again illustrate how strains may be 
very similar for U n t  index yet different genetically in respect to 
Its component characters.
The U  lines with lint indices above either parent may 
also be considered to be transgressive segregates. Transgressive 
segregation was even more pronounced here than on the lower end of 
the distribution of F3 lines. This is evidenced by the fact that the 
mean lint indices of the 11 high lines deviated from the mean of the
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parents by as much as 1*9 grans in lint index while the maximum 
difference of the 10 low lines was only 0*8 gram. This was true 
because lines with the large seed size of Wilds occurred more 
frequently than lines with the small seed size of Half and Half and 
lines with the high density of Half and Half occurred more frequently 
than lines with the low density of Wilds* This was probably due to the 
partial dominance of large seed size and high density* Naturally, 
then, lines with both high lint density and large seed size would 
occur sore frequently than the reverse, and close to the maximum 
expression of lint index would be realized*
Line 133 represented a recovery of the mean Un t  density 
of Half and Half plus the mean seed size of Wilds* The mean seed 
index of this line was 13*0 grams and the mean lint density index 
was 5*90 grams* The maximum amount of transgressive segregation 
still did not occur, however* Had the seed index of line 133 been 
combined with the density of line 132, which was 6*17 grams, the 
resultant strain would probably have exceeded 7*8 grams in lint index* 
The data collected in this experiment show that strains 
similar for lint index may be quite different genetically for its 
component characters seed size and lint density index* In addition 
a great deal of transgressive segregation occurs when 2 strains alike 
in lint index but genetically different for Its component characters 
are crossed* For these reasons it would not be feasible to attempt 
to explain its inheritance on simple Mendelian terms* Therefore, no 
estimate of minimum number of genes was made* However, it may be
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presumed that genes affecting seed index* 3 to k major pairs* and 
lint density index* 3 to k major pairs* were involved in the determina­
tion of lint index#
Heritability and effectiveness of selections The heritability 
and effectiveness of selection for lint index on the individual plant 
basis in the Fg generation was also determined* The regression 
coefficient of 163 F^ line means on their respective Fg plants was 
calculated and converted to percentage to obtain the heritability 
value# The correlation coefficient between F^ line means and Fg 
plants was also obtained#
A regression coefficient of 0*393 va® obtained for lint 
index and the correlation coefficient was 0*539* The heritability 
value was* of course* 39*3$* The value was relatively low indicating 
that selection for lint index on the individual plant basis might 
not be very effective*
A scatter diagram like those previously presented is given 
in Figure 3 for lint index* The mean lint indices of the 163 Fj 
lines used in calculation of the regression coefficient was plotted 
against their respective Fg plant values,* The positive association 
between the 2 variables is evident in the figure*
The top 10% of Fg plants* 15 in number* were enclosed by 
a solid line# All had lint indices of 7*2 grams or above* likewise* 
the top 10% of F^ lines* 16 in number* were enclosed by a broken line, 
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Figure 3* Scatter diagram showing the effectiveness of 
selection in F2 for lint index.
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As shown in Figure 3 only S of the top 15 Fg plants 
produced lines among the top 16 F^ lines* These 5 lines are 
enclosed by both the solid and dotted lines in the diagram* Therefore, 
about 3335 of the top 15 Fg plants produced F^ lines among the top 16*
Again the percentage was very close to the heritability value cal­
culated from the data*
The remaining 10 Fg plants among the top 15 produced lines 
with means ranging from 5*9 to 6*9 grams in lint index* All of these 
lines had mean lint indices equal or above that of either parent*
This might indicate that selection for lint index was very effective* 
Bote, however, that there were 26 other F3 lines superior to the 
majority of these 10 lines yet came from Fg plants not among the 
top 15*
There were 11 lines among the top 16 that oame from Fg
plants as low as 5*5 grams in lint index* Many of these Fg plants
would probably have gone unselected* In a cross such as this where 
2 parents are alike for lint index but genetioally different for its 
component characters a great deal of transgressive segregation ’xi 11 
occur for lint index* Recovery of lines equal to the parental 
fcatMi in such a cross would not be difficult* The effectiveness 
with which the breeder could select the very best Fg genotypes for 
progeny test would not be very great, however*
U lint Percentage 
Lint percentage is the percentage of lint by weight produced
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by a given weight of seed cotton. lint percentage, like lint index, 
is also a complex character dependent in its expression on seed 
weight and lint density index. However, lint percentage and lint 
index are not identical and require separate consideration. There 
is a decrease in lint percentage accompanying an increase in seed 
weight in contrast to the positive association of lint index and seed 
siae. Both lint percentage and lint index increase with increase 
of weight of fibers per unit area of seed surface or lint density 
index, however.
Lint percentage was determined for each plant of each 
parent and line of the Wilds-7 x Half and Half-1 cross. The 
Half and Half parent had a mean lint percentage of liO.l# while 
WHds-7 had a mean lint percentage of 31.7£* The parents, then, 
differed in lint percentage by 6.U£, a rather large difference for 
2 normal linted Upland strains.
This was to be expected since the Half and Half parent had 
both small seed and high lint density, which would lead to a rather 
high lint percentage. The fact that seed size is negatively 
associated and lint density positively associated with lint percentage 
has been demonstrated by Mason (17) in the Fg data he obtained from 
this cross and by many other investigators. On the other hand, the 
Wilds-7 parent had a large seed index and low lint density both of 
which would lead to a low lint percentage.
There were no F^ lines which had a mean lint percentage 
either above that of the high parent or below that of the low parent.
Bk
F3 2±n« 1*3 had the lowest mean lint percentage, 32*3$, while 
line 132 had the highest mean lint percentage, 39*6%* Evidently 
there was no transgressive segregation for lint percentage*
This, too, was to be expected since recombinations of 
genes for seed else and lint density would not lead to lint percentages 
above the high or below the low parents as in the case of lint index* 
Recombinations of genes for the large seed size of Wilds with genes 
for the high density of Half and Half would result in lint percentages 
somewhere between that of the parents* Recombinations of genes for 
small seed size contributed by Half and Half with genes for low 
density contributed by Wilds would likewise result in lint percentages 
between those of the parents* Transgressive segregation for lint per­
centage could occur only if it occurred individually for the component 
characters of lint percentage, seed index and lint density index*
Since lint percentage is also a complex character it would 
not be feasible to attempt to explain its inheritance as that of a 
simple Mendelian character* For this reason, no estimate of minimum 
number of genes was made. However, it may be presumed that all genes 
affecting seed size, 3 to U major pairs and lint density index, 3 to 
ii major pairs, were involved in the determination of lint percentage* 
Heritahility and effectiveness of selectiont Heritability 
and effectiveness of selection on the individual plant basis in the 
$2 generation were also studied for lint percentage* The regression 
of 163 Fj L̂ine means on their respective Fg plants was calculated
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and converted to percentage to obtain the heritability "value* The 
correlation coefficient between the 2 variables was also calculated.
The regression coefficient proved to be 0.506 arid the 
correlation coefficient 0.688. The heritability value was 50.6$.
This represented a relatively high heritability value which indicated 
that selection for lint percentage on the individual plant basis in 
the Fg generation would be effective.
The mean lint percentages of the 163 F3 lines used to 
obtain the regression coefficient were plotted against the lint 
percentages of the 163 Fg plants from which they were derived. This 
scatter diagram is given in Figure 1. The positive association 
between the variables becomes evident when they are plotted in this 
manner.
The top 10# of the Fg plants, 17 in number, were enclosed 
by a solid line in the diagram. In like manner the top 10# of 
lines, 16 In number, were enclosed by a broken line. As shown in 
Figure b, 8 of the top 17 Fg Pi-an'fes produced lines among the top
k
l6 Fj lines. Therefore, about $0% of the top 16 F3 lines were derived 
from the highest 17 Fg plants. It should be noted that this per­
centage is almost identical to the heritability value of 50.6# 
calculated from the data. This was the case for all k characters 
studied.
Although about half of the top 17 Fg plants gave rise to F^ 
lines not among the top 10#, this does not mean that the breeder can 
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improvement of lint percentage. It- should be noted that all 1? 
plants gave rise to lines with means above the average of the 2 
parents in lint percentage* Actually 9 F2 plants produced Fj lines 
not among the top 10%* Five of these lines had 2 to 3 individual 
plants with lint percentages above that of the Half and Half parent, 
however, and further improvement may be possible by selection within 
these lines* Only 2 of these lines contained no plants equal to the 
high parent in respect to lint percentage*
On the other hand, 8 F^ lines among the top 16 lines came 
from Fg plants not among the top 17 • Two of these lines were derived 
tram Fg plants with vexy low lint percentages of 32*1$  and 33* 8̂ .
Due to the effect of environment on lint percentage of the individual 
plant these would certainly have gone unselected by the breeder*
As in most quantitative characters the effect of environment 
on the expression of individual F2 plants for lint percentage will 
cause the breeder to fail to select some superior genotypes in the 
$2 generation and to select others which are relatively inferior* 
Apparently, however, about $0% of the Fg plants would offer some 
possibility of improvement in lint percentage through further selection. 
This may be considered a relatively high degree of effectiveness of 
selection an the individual plant basis for a quantitative character*
In fact it is surprisingly high in view of the fact that lint per­
centage is so complex a character*
It is interesting to compare the effectiveness of selection
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on the individual plant basis for lint percentage and lint index 
as both are complex characters dependent on the same 2 components, 
seed index and lint density index* The heritability value for 
lint index was 39*3%» appreciably below the 50*6£ heritability 
value calculated for lint percentage* In addition, only 31% of the 
top 16 F3 lines for lint index was derived from F2 plants among the 
top 10#, whereas $0% of the top 16 F3 lines for lint percentage was 
derived from the top 10$ of F2 plants* It is rather apparent, on 
these bases, that selection for lint percentage was more effective 
than selection for lint index on the individual plant in the Fg 
generation*
At least 2 reasons why selection for lint percentage and 
lint index might not be equally effective, although governed by 
the same 2 component characters, may be given* First the 2 component 
characters do not affect lint percentage and lint index in the same 
smmer* An increase in seed sise, for instance, is accompanied by 
an increase in lint index, but a decrease in lint percentage*
Secondly the determination of lint percentage can be made with more
ease and precision than lint index and is based upon a larger sample* 
Errors in sampling, incorrect counts or weights of 100 seed, and 
mistakes in the more elaborate calculations of lint index may occur 
regardless of the amount of care taken* All that is necessary to 
obtain lint percentage, on the other hand, is the weight of seed and
weight of lint produced by the plant*
8 9
5 Association Between Yield Components 
The association between 2 characters can be measured by 
the calculation of the total correlation coefficient, the symbol 
for which is r* Values of r range from —1 to jl 1* A minus r 'value 
indicates that an increase in size of 1 character is accompanied by 
a decrease in siae of another* On the other hand, a positive r value 
indicates that an increase in size in 1 character is accompanied by 
an increase in size of another*
An association between 2 characters may be an advantage 
or disadvantage in a breeding program* Presumably, any combination 
of degree of expression of 2 characters that showed no correlation 
could be obtained with equal ease* On the other hand, if 2 characters 
showed a strong negative association a high expression of both in a 
single Fg plant or F^ line would occur less frequently than a high 
expression of one and a low expression of the other would occur*
This would be a distinct disadvantage if a high expression of both 
characters was desired* However, if these same 2 characters showed 
a strong positive association a high expression of both could be 
combined with comparative ease* The association between the variables 
would then be an advantage* The magnitude of the r value is important 
in this respect* 3h most cases no r value less than 0*1* would be of 
much value or cause much difficulty in a breeding program*
The total correlation coefficients between several characters
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are presented in Table h* The r values were calculated with the 
use of the line mean for the characters concerned* Ail 165 Fj 
lines of the Wilds—7 x Half and Half—1 cross were used in the 
calculations* The associations between only those characters which 
showed significant correlations in the Fg generation were determined 
among the F3 line..
lint density index but showed significant positive associations 
with lint index and fiber length and a significant negative 
association with lint percentage* lint density index showed strong
itive associations with both lint index and lint percentage*
' iSeed index and?lint density Index t A non-significant r 
value of 0*013 was obtained between seed index and lint density 
index in the F^ generation. This indicated that there was no asso­
ciation between the 2 characters or that no tendency of seed index 
and lint density index to vary together was found*
seen to be valuable in any cotton variety* The 10 lines with 
highest density, ranging from $*@1 grams to 6*1? grams, had seed 
indices ranging from 10*1 grams to 13*0 grams. Therefore, medium 
and large sedd were found in combination with the highest density 
produced in the cross. Had a larger number of lines been grown seed 
indices below 10.1 would undoubtedly have occurred in combination 
with high lint density indices*
As shown in Table It seed index was not correlated with
From the information available a high lint density would
Table k Correlation of characters among the 165 F? lines 
of the Wilds-7 x Half and Half-1 cross*
Characters Correlated r value
Seed index and lint density index 0.013
Seed index and lint index 0.685**
Seed index and lint percentage -0.279**
Seed index and fiber length Q.lSl*
Lint density index and lint index 0.710**
lint density index and lint percentage 0.922**
* Significant at the $% level of Probability 
** Significant at the 1% level of Probability
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foed index and lint index: A positive r value of 0.685 
was obtained between seed index and lint index. This association 
has been reported in numerous experiments and was discussed under the 
study- of the character lint index. The correlation coefficient 
merely indicates that large seed tend to produce more fiber per 
seed than do small seed.
jfoed index and lint percentage: A negative correlation of
-0.279 was obtained between seed index and lint percentage. There 
was a tendency, then, for large seeded lines to have low lint 
percentages. Note, however, that the association of lint percentage 
and seed sise was not large. Seed else apparently had a smaller 
effect on lint percentage than did lint density index.
It should be possible, then, to obtain high lint percentage 
in combination with medium and large seeded types in spite of the 
negative association between the characters by rigid selection for 
high lint density. For example, the highest F^ line recovered In 
respect to lint percentage was line 132 with a lint percentage of 
39*6%, only 0*5^ below that of the Half and Half parent. This line 
had a medium sized seed, 11.5 grams, far larger than the seed of 
the Half and ffoif parent which weighed 8.8 grams per 100 seed. line 
132 owed its high lint percentage primarily to its extremely high 
lint density of 6.17 grams.
Seed index and fiber length: A low but significant r value 
of 0.151 was found between seed index and length of fiber. This 
would indicate a slight tendency for large seeded lines to produce
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longer fibers. The association is so slight, however, that It 
would be of little importance from, a breeding standpoint*
14ht density index and lint index: A strong positive 
association was found between lint density index and lint index 
among the 165 Fj lines. An r value of 0*710 was calculated between 
the 2 variables* This was to be expected since lint density index 
is part of lint index and should be correlated with it. Lint 
index is the weight of lint produced on 100 seed; thus, it is 
dependent on the size or surface area of the seed plus the weight 
of lint produced per unit area of seed surface or lint density*
Considerable attention is currently being placed on 
selection for high lint index in cotton* The primary objective 
in selection for high lint index is to obtain strains with high 
lint density* Such an association does exist as the high positive 
correlation (r * 0*710) between lint index and lint density index 
proves, but the breeder should realise that the association is far 
from perfect. As mentioned earlier the association of seed size 
and lint index was r - 0.665, equally as high as that between lint 
index and lint density.
Lint density index and lint percentages The correlation 
coefficient between lint density index and lint percentage was found 
to be 0.922, which is very high. Lint density index is also a 
component of lint percentage so the 2 should logically be correlated.
Selection for lint percentage has also been practiced in 
Upland cotton, primarily as a means for improving fiber density.
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breeders, however, have abandoned selection for lint percentage 
feeling that selection for lint index was a more effective criterion 
for obtaining lines with high density* The results from this stuffy, 
however, indicated that lint percentage was a more reliable criterion 
of fiber density than lint index* The correlation of lint density 
and lint percentage (r ■ 0*922) exceeded the correlation between lint 
density index and lint index (r * 0*710)* In addition, the 10 highest 
F^ lines for lint percentage had mean lint density indices no lower 
than 5*68 grams j whereas the top 10 F^ lines in respect to lint index 
had lint density indices as low as 5.1*2 grams*
Association of field With Other Characters 
field per acre is of prime importance in breeding programs 
designed to improve any agronomic crop* Most breeders of Upland 
cotton at present are of the opinion that no great improvements of 
yield of lint cotton or seed cotton per acre are forthcoming in the 
near future* Actually, most breeders are satisfied with the yielding 
ability possessed by the leading varieties of their particular regions 
and feel that further improvements in yield could be obtained by 
improved cultural practices more feasibly than through Intensive 
breeding for yield improvement. Emphasis in most breeding programs 
has shifted from the adaptation of varieties to local conditions, 
and subsequent improvement in yielding ability, to improvement of 
various fiber properties such as strength, fineness, and length, or 
to breeding for resistance to the major diseases of the cotton plant,
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such as Fusariua wilt.
Heverthelese, yield per acre Is still a very important 
consideration in all breeding programs In Upland cotton, the breeder 
has often had to resort to hybridisation with low yielding strains 
In an attempt to incorporate their desirable fiber properties or 
disease resistance into leading commercial types. He Is constantly 
faced, then, with the problem of at least maintaining the yielding 
ability of the better strains in addition to improving their fiber 
properties or disease resistance*
Held per acre In cotton is usually expressed as yield 
of list in pounds) however, it is often expressed also as yield of 
seed cotton in pounds. It is, of course, a very complex character 
made up of several component characters all of which are quantitative 
in their inheritance. Because of its complex makeup and because 
environmental conditions affect yield per acre so greatly it has an 
extremely low herltability value. Breeders have long recognized 
the futility of selection for yield on the individual plant basis 
in the ?2 generation. Furthermore, it is usually Impossible to 
determine the relative yielding ability of a particular strain until 
it has been critically tested for a number of years. Therefore, 
selection for yield of lint or seed cotton during the early generations 
of a cross, due to its low heritability, is very ineffective.
The breeder, then, is faced with the problem of obtaining 
strains which possess desirable fiber properties or disease resistance
5>6
but In addition posses® acceptable yielding ability, something for 
which be cannot select effectively until his strains have become 
relatively homozygous. Two approaches to the problem are obviously 
open to his. First, he might select in the earlier generations 
only for the fiber properties or disease resistance in which he is 
interested and for which selection may be effective. Using this 
approach he must of necessity obtain a large number of strains 
acceptable in respect to the characters for which he has selected 
in order to be relatively sure that some will be acceptable in 
regards to yielding ability. Obtaining a large number of strains 
hamosygous for desired expressions of many fiber properties is 
often very difficult especially in crosses where a large number of 
genes are involved, or for fiber properties for which selection is 
not too effective.
A second alternative is to determine what characters 
interact to produce yield and select for those for which selection 
might be effective. If certain components of yield could be found 
that could be effectively selected for in the early generations of 
testing it is logical that a larger percentage of strains acceptable 
in respect to fiber properties or disease resistance might also 
possess germ plasm for high yielding ability.
The above concept is far from novel as cotton breeders 
have long recognized the major components of yield of lint in 
American Upland cotton and selection for these components has long 
been practiced. At least 2 systems for separating yield per acre
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have previously been employed and a third system will be proposed 
here. The major components of each are presented below.
The following breakdown of yield of lint per acre may be 
given, the major components of which ares
1- Number of bolls per acre
2- Weight of seed cotton per boll
3- Percentage of seed cotton by weight that is lint 
or lint percentage
These 3 components of yield have certainly long been recognised and
selection for lint percentage, at least, has long been practiced by
most breeders.
A second breakdown of yield immediately suggests itself, 
the major components of which ares
f
1- Number of bolls per acre
2- lumber of seed per boll
3- Weight of lint per seed, which is essentially 
lint index
Again these yield components have long been recognised and selection 
for lint index has bean extensively practiced in breeding programs 
of American Upland cotton.
As the data previously presented under the discussion of 
lint index and lint percentage clearly show, both of these characters 
are dependent upon seed size or surface area and weight of lint 
produced per unit area of seed surface. Therefore, a third breakdown 
of yield per acre is possible, the major components of which may be 
given as follows:
1* Number of bolls per acre
2- Number of seeds per boll
3- Seed size or surface area per seed
U- Weight of lint per unit area of seed surface or 
lint density index
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Components 3 and U of such a breakdown actually interact to produce 
lint percentage or lint index* Such a breakdown of yield of lint per 
acre, then, is identical to the other systems given with the 
exception that lint percentage and lint index are merely broken 
into their component parts*
It should be noted that a breakdown of yield of lint into 
the U components given above is both practical and convenient* £aeh 
of the k components can be determined separately and with sufficient 
ease as to make their determination practical in large populations*
It should be pointed out, however, that this does not represent the 
ultimate breakdown of yielding ability that is possible* Component 
the weight of lint per unit area of seed surface, is itself a 
complex character dependent upon such characters as number of fibers 
per unit of surface area, length of fiber and weight per unit length 
of fiber* As shown by Uason (17), however, lint density index in 
this cross was essentially a measure of number of fibers per unit 
area of seed surface* llason (17) made an actual count of number of 
fibers per unit surface area of 12 Fg plants of the Wilds-7 x Half 
and Half-1 cross* A correlation coefficient of 0*953 was calculated 
between this fiber count and lint density index* In addition Breaux 
(3) could find no association between length of fiber and lint 
density index In the F2 generation of this cross and an association 
of only 0*370 between weight fineness and lint density. Therefore, 
although a further breakdown of yield of lint per acre is possible 
it would probably have been fruitless in this material* Furthermore,
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the determination of actual number of fibers per unit area of 
seed surface is not applicable to large populations; consequently, 
a further breakdown would be of little practical value.
Although most of the major components of yield have long 
been recognised very little has been published on the extent to 
which each is associated with yield or how these components interact 
to produce yield per acre. An attempt was made to determine the 
association of number of bolls per plot, number of seeds per boll, 
seed index and surface area, and lint density index with yield of 
lint cotton and seed cotton per plot among 93 lines of the Wilds-7 
x Half and Half-1 cross. The association between length and strength 
of fiber and yield per plot was also determined. The correlation 
coefficient was used to measure the association of these characters 
with yield per plot.
1 The Analysis of Yield Per Plot 
Hinety-eight lines plus the 2 parent lines were planted 
in a simple 10 x 10 lattice design with h replications in the spring 
of 1952. These 98 lines were propagated with open pollinated seed 
of 98 F^ lines which were selected to represent the complete range 
in the generation for seed index and lint density index. The 
average yield per plot of lint cotton and seed cotton was determined 
for each line and an analysis of variance was conducted for both 
yield of lint and seed cotton.
The analyses of variance showed that significant differences
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among the 100 lines for yield of seed cotton and lint cotton
occurred* The mean square or variance for incomplete blocks was
approximately 6 times as great as the mean square or variance for 
error in both analyses of variance* This indicated that the use 
of the lattice design was an advantage and that the adjustment of 
treatment mean yields was justified* The mean lint cotton and seed 
cotton yields of each line were adjusted in the usual manner and 
these adjusted mean yields were used in the calculation of all 
correlation coefficients* The average yield per plot (lint cotton
and seed cotton) of the 98 lines and each of the 2 parent lines
is given in Table H I  of the APPENDIX.
2 The Association of Yield With Its ha .lor Components 
The association of yield of lint cotton and seed cotton 
with the k major components of yield* number of bolls per plot, number 
of seeds per boll* seed sise or surface area per seed* and lint 
density index are presented in Table 5* In addition* the associations 
of lint index and lint percentage with yield are also given* The 
correlation coefficients presented for number of bolls per plot and 
msaber of seed per boll were determined by correlating the F^ line 
means tor the characters with the mean lint and seed cotton yields 
of the same F^ lines* The number of bolls per plot and number of 
seeds per boll of each F^ line is given In Table III of the APPfflDIX* 
The F^ line means for seed index* seed surface area* lint density 
index* lint index and lint percentage were correlated with the mean
Table 5 Correlation of yield per plot of lint cotton and seed cotton 




Yield of Lint Cotton
Correlation With 
Yield of Seed Cotton
Humber of bolls per plot 0*817** 0.835**
Bomber of seeds per boll 0*185 0.171
Seed index -0*300** -0*256*
Seed surface area -0*309** -0.251**
lint density index 0.250* 0.083
lint index -0*036 -0.083
Lint percentage F? mean 0.32!*** 0.157
lint percentage FjJ mean 0.399**
* Significant at the $% level of Probability 
** Significant at the 1% level of Probability
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yields of their respective lines. The line means for lint 
percentage were also correlated with yield of lint cotton. The 
*3 line means for these characters which were used in
calculation of the correlation coefficients are also presented in 
Table XXX of the APPENDIX. These characters have such high herita— 
bilitjy values it was felt that the F^ line means would be sufficiently 
reliable in calculation of the correlation coefficients.
As shown in Table $, number of bolls per plot* lint 
density index and lint percentage were positively associated with 
yield of lint cotton while seed index and seed surface area were 
negatively associated with yield of lint. There was no significant 
association between lint index or number of seeds per boll and lint 
yield. Number of bolls per plot was also positively associated 
with seed cotton yield and seed index and surface area were 
significantly and negatively associated with yield of seed cotton.
A discussion of the association of each yield component with yield 
per plot will be given below.
Number of bolls per plot and yield* As might be expected, 
the highest correlation occurred between number of bolls per plot 
and yield of lint cotton (r * 0.817) and yield of seed cotton 
(r » 0.83$). Although a high positive correlation existed between 
number of bolls per plot and yield of both lint and seed cotton, 
this association would probably be of little value to the cotton 
breeder. Selection for number of bolls is not effective on the
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Individual plant basis in the Fg generation and often ineffective in 
later generations* 3h fact yield per acre probably o w e s  its low 
heritability largely to the low heritability of number of bolls per 
aere*
jhpber of seeds per boll and yield? The r value of number 
of seeds per boll and lint yield was found to be 0.185 while the 
r value of number of seeds per b o U  and seed cotton yield was 0*171. 
There was evidently a tendency toward an increase in yield with an 
increase in number of seeds per boll but the magnitude of the 
correlation coefficients was such as to make it impossible to a t t a c h  
much significance to them.
Actually the parent strains were not very different in 
number of seeds produced per boll and no real differences existed 
among the F^ lines in number of seeds per boll* In fact* not a 
great deal of heritable variation in number of seeds per boll occurs 
among Upland varieties and heritability of this character is also 
probably low* For these reasons cotton breeders do not usually 
attach much significance to number of seeds per boll and little 
selection is practiced for the character.
Seed sise with yieldt A correlation coefficient between 
seed index and yield of lint cotton of —0*300 was found* Seed index 
was also negatively associated with yield of seed cotton (r = -0*256)* 
Seed surface area was also negatively associated with yield of lint 
cotton (r * -0.305) and yield of seed cotton (r * 0.251t). Note that
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the correlations involving seed weight and surface area with yield 
are almost identical* This, of course, would toe expected since 
seed weight and surface area are very closely related* An increase 
in surface area would certainly toe accompanied by an increase in 
seed weight*
It is surprising to find that a character such as seed 
surface area is negatively associated with yield per acre yet 
represents an actual component of yield* Certainly all other 
factors being equal an increase in seed surface area should result 
In an increase in yield of both lint cotton and seed cotton* Two 
explanations may be given, then, for this negative association*
First there might have been in this cross a linkage of genes for
S.
large seed sise and low yield* This is possible as the Wilds-7
i
c
parent represented the large seeded and low yielding parent*
Another explanation is that there is undoubtedly a limit 
in the absorption and synthesis of essential plant nutrients beyond 
which the cotton plant cannot go* Dlhen this point is reached 
further increases in 1 major yield component must come at the 
expense of another* In other words it would probably be impossible 
to combine the maximum expressions of all U yield components among 
ppland strains into a single strain without appreciable modification 
of the cotton plant itself* If an increase In one major yield component 
comes as a result of a decrease In another the net effect could 
actually result in a decrease in yield*
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these data Illustrate how an actual reduction in yield 
can occur with an increase in 1 component of yield* if this increase 
is accompanied by a decrease of a second component* The correlation 
coefficient between seed surface area and number of bolls per plot 
was calculated and found to be —0*Uli7 • Therefore* as the surface 
area per seed increased the number of bolls per plot decreased* The 
increase in surface area would tend to increase yield of lint and 
seed cotton per boll but would also tend to decrease number of bolls 
per plot* Number of bolls per plot showed almost a perfect associa­
tion with yield| therefore* any decrease in number of bolls would 
tend to greatly reduce yield* hi other words the increase in yield 
per plot brought about by an increase in surface area was more than 
offset by the decrease brought about as a result of the reduction 
in number of bolls per plot* It is probably safe to conclude that 
if a high expression of any character is accompanied by a decrease 
in number of bolls a sacrifice in yield will occur in obtaining this 
high expression as yield is so largely dependent on number of bolls* 
Further evidence may be presented to show that the negative 
association between seed surface area and yield of lint cotton was 
due to the negative association between surface area and number of 
bolls per plot* A partial r value of 0*108 was found between seed 
surface area and yield of lint cotton when number of bolls per plot 
was eliminated as a factor* The partial r value was positive* 
though non-significant, indicating that the expected positive
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association between seed surface area and yield of lint actually 
occurred but could not be shown due to the negative association 
of surface area and number of bolls per plot.
Apparently selection by the breeder for large seeded 
types in the early segregating generations might result in an actual 
loss of strains capable of highest possible yield.
XAnt density index and yield: Lint density index was
positively associated with yield of lint cotton (r * G.2£>Q) but 
showed no association with yield of seed cotton (r “ 0.063)* A 
closer association of lint density with yield of lint cotton than 
with yield of seed cotton would, of course, be ejected. An 
Increase in lint density would tend to increase the weight of 
lint cotton by a far larger percentage than it would increase 
weight of seed cotton, which is largely determined by weight of 
seed.
Although the correlation between lint density index and 
yield per plot was positive and significant it was not as large as 
might be expected. Xt should be pointed out that yield per plot 
was undoubtedly measured with less precision than lint density index. 
Xleld of lint is so influenced by environment and season that more 
than 1 year would be necessary to measure it most accurately. The 
variation from plot to plot in yield in the experiment was largely 
environmental. The environmental influences which affect yield of 
lint might not necessarily affect lint density thereby lowering the
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correlation between the 2 variables*
in view of this possibility it is actually surprising 
that any association of even this magnitude could be shown•> It 
is felt that mder these circumstances quite a bit of significance 
can be placed on the positive association of lint density and 
yield of lint even though the correlation coefficient was not of 
a magnitude generally considered necessary for importance* Since, 
in addition, the heritability of lint density index was relatively 
high, selection for high lint density in the early generations of 
intrafhlrsutua crosses probably has merit in obtaining high yielding 
strains*
obtained between lint index and yield of lint cotton (r 3 -0*036) 
and yield of seed cotton (r = -0.083)* these r values indicated 
that no association occurred between lint index and yield*
dependant for its expression upon surface area of seed and lint 
density index* It becomes quite evident why lint index showed no 
association with yield of lint per plot when we consider the associa­
tion of its component characters with yield of lint* Seed surface 
area was negatively associated with yield of lint cotton (r » -0*309) 
while list density index was positively associated with yield of lint 
cotton (r » 0*250)* F^ lines with largest lint indices would have a 
large surface area and a high lint density Index* The large seed of
lint index yield t Low non-significant r values were
As pointed out several times previously, lint index is
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these lines would tend to reduce yield and the high lint density 
would tend to increase yield* As a result the 2 tend to counteract 
each other with the net effect that no association occurred between 
lint index and yield of lint cotton*
Data accumulated from this experiment seem to indicate that 
selection for lint index in the early generation of a cross would 
hare little or no effect on the yield of the resultant strains*
Un t  percentage and yields Lint percentage of the Fj 
lines showed a significant positive association with yield of 
lint cotton (r * 0*321*) and no significant association with yield 
of seed cotton (r * 0.157)* Naturally, a stronger association 
between lint percentage and lint yield would be expected than 
between lint percentage and seed cotton yield* Lint percentage 
is an actual component of lint yield, whereas, seed cotton yield 
is determined largely by seed weight*
The mean lint percentage of the 98 F^ lines was also 
determined and a correlation between these mean lint percentages and 
yield of lint eotton was calculated* This r value was 0*399*
With the exception of number of bolls per plot, lint 
percentage showed the highest positive association with yield of lint 
cotton of all characters studied* Lint percentage, as previously 
stated, is dependent for its expression on seed index and lint 
density index* An explanation of the positive association of lint 
percentage and yield per plot can be obtained when the association
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of the component characters of lint percentage with yield of lint 
are examined* Seed index was negatively associated with yield of 
lint (r « -0*300) while lint density index was positively associated 
with lint yield (r ■ 0*250)* lines with small seed sis© and high 
lint density tended to yield more and this same combination of these 
2 characters tends to produce a high lint percentage* the r value 
between lint percentage of F^ lines end yield of lint of 0*399 is 
not too far removed from the sum of the r values of seed index and 
lint yield (-0*300) and lint density and lint yield (0.250), at 
least it is greater than either one alone*
the data collected in this experiment seem to indicate that 
selection for lint percentage would be more effective than selection 
for lint index in the early generations of testing for obtaining 
high yielding strains* The data further suggest that if selection 
for lint index is practiced it should probably be confined to medium 
to seed sise classes to avoid automatic selection for large
seed else and the possible establishment of low ceilings on yield*
On the other hand the selection of high lint percentage might lead 
to selection of small seeded strains to which many breeders object* 
One objection to small seeded strains often given is that 
they probably yield less* These data at least shed some doubt on 
the validity of such a concept, since the smaller seeded strains of 
these lines tended to be the highest yielders* In addition, 
data previously presented indicated that selection on the individual
n o
plant basis was more effective for lint percentage than for lint 
index; and that selection for lint percentage was more effective 
in obtaining lines with high density* than was selection for Hat 
index. These data, then, cast appreciable doubt on the advisability 
of abandoning selection for lint percentage in favor of lint index.
3 T&g Association of Yield With length
sL
The association between yield of lint cotton and seed cotton
per plot with length and strength of fiber was also determined* The
F^ means of 65 lines for strength were correlated with their respective 
F|̂  line means for yield of lint cotton and seed cotton* The same 
procedure was followed for length using 98 Fj and Fĵ  Unas*
The r values obtained between length and strength of fiber 
with yield of lint and seed cotton are iven in Table 6. Fiber 
length showed a negative association with yield of both lint and 
seed cotton while fiber strength was not significantly correlated with 
either*
Length of fiber and yield: Fiber length showed a significant
negative association with yield of lint cotton (r * -0.371) and
yield of seed cotton (r = -0.292). This would seem to inch.cate that
selection for long fiber in the early generations of this cross would 
tend, to lower the number of high yielding strains* A® previously 
mentioned there was a positive association in this cross in both the 
Fg generation (r » 0.21*8) and F^ generation (r - 0.151) between seed
fable 6 Correlations of yield per plot of lint cotton and 
seed cotton with length and strength of fiber.
Character Correlation With Correlation With
Correlated Held of Lint Cotton field of Seed Cotton
Length^ -0.371** -0*2^2**
Strength2 •0*156 -0*181
** Significant at the X% level of Probability
^Unpublished length data obtained from I*. W. Sloane
20hpublished strength data obtained from T. J. Stafford
111
112
index and fiber length* Seed index of course was negatively 
associated with yield* Xt deemed possible, then* that the negative 
association between length of fiber and yield of lint might have 
been due to the association of both with seed site* Therefore# 
a partial correlation between length of fiber and yield of lint 
with seed else held constant was calculated* This partial correla­
tion coefficient proved to be -0*32*6# which was highly significant* 
This# then, suggested that the negative association between fiber 
length and yield of lint was a real one and not due to the association 
of the 2 variables with seed size*
A second explanation may be given for this negative 
association between fiber length and yield* The Half and Half 
parent had the shortest fiber of the 2 parents and the highest 
yield of the 2 parents. Therefore# this negative association might 
have been due to a linkage between genes for high yielding ability 
with genes for short fiber* If such a linkage does exist this 
might represent a handicap to the breeder attempting to Introduce 
longer fiber into high yielding strains.
ttsny strains of Upland cotton are grown today which are 
considered acceptable for both yield and length of fiber. It should 
be pointed out# however# that fiber lengths of 1 1/32 to 1 l/l6 inch 
are considered acceptable at present. The best adapted variety of 
the Louisiana# Mississippi# Arkansas region# DPL 15# has a staple 
length of only about 1 l/l6 inch* If a demand or necessity arose
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for a variety as well adapted as Qeltapin© 15 to this area with a 
staple length of say 1 l/8 to 1 l/h Inches the breeder might find 
this negative association of length of fiber and yield quite disad­
vantageous*
Strength of fiber and yields There was no significant 
association between fiber strength and yield of lint cotton (r * -0.156) 
or seed cotton (r * -0 *161) although a slight negative trend was 
shown* This would seem to indicate that selection for fiber strength 
in early segregating generations would have no appreciable affect 
upon yield of the strains ultimately selected*
Although Wilds-7 and Half and Half-1 differed appreciably 
in fiber strength the maximum difference In Upland cottons was not 
represented* Many of the high strength cottons presently being 
used as breeding material have extremely low yielding capacities*
It is quite possible that linkages of genes for strength and yield 
may be encountered in these crosses. The data gathered from this 
cross, however, cannot be used as evidence to support such, a possibility*
m m M
A genetic analysis of seed index and lint density index was 
Beds in the Wj generation of a Wilds x Half and Half cross#
An estimate of the minimum number of genes governing the 
inheritance of these characters in the cross and the average 
contribution of each major pair of genes was determined* The 
effectiveness of selection on the Individual plant basis was 
also determined for these 2 characters and for lint percentage 
and lint index* The associations of seed Index and lint density 
with ether characters were also studied in the generation*
The WLlds parent had a mean seed index of 12*8 grams while that 
of Half and Half was 6*8 grams* This represented a parental 
difference of k»0 grams in seed index, about 50$ of the maximum 
difference available in Upland cotton. The genetlo analysis 
of seed index indicated that 3 to k pairs of major genes governed 
its inheritance* Therefore, each major pair of genes apparently 
contributed from 1.00 to 1*33 grams in seed index*
The mean lint density of the Half and Half parent was 5*87 grams* 
Wilds had a mean lint density of 1*.1*2 grama. This represented 
a parental difference of 1*U5 grams, again about 50$ of the 
maximum difference available in Upland cotton* The genetic
u s
analysis of lint density index indicated that 3 to It major 
pairs of genes were involved in its inheritance* Therefore, 
each major pair of genes apparently contributed from 0*36 to
O.M grams in lint density index*
1*. The data accumulated in the experiment on both seed index and 
lint density index indicated that estimations of minimum number 
of genes involved in a cross from Fg data alone would probably 
be underestimations.
5* Although no genetic analysis was attempted for lint Index it
was apparent from the data that a great deal of transgressive 
segregation occurred for the character* This was apparently 
due to the fact that recombinations of genes for seed index and 
lint density index, the 2 component characters of Uni Index, 
occurred*
6* Heritability and effectiveness of selection for seed index,
lint density index, lint index, and lint percentage were det© mined* 
The heritability values were 36.2#, 39*3#> and 50*6%t
respectively* The regression coefficient of line means on $2 
plants was calculated and converted to percentage to give the 
heritability value for each character* The heritability values 
in all eases were very close to the percentage of F3 lines among 
the top 105f which were derived from Fg plants in the top 10$*
7. The following significant correlations for the characters studied 
were found among the Fj lines* Seed index was positively correlated
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with lint index and negatively correlated with lint percentage*
U n t  density index was positively associated with both lint 
percentage (r » 0*922) and Unt index (r » 0*710). The data 
indicated that selection for lint percentage would be more 
effective in acquiring high density lines than selection for 
lint index*
8* Hinety-eight lines were grown and average yield per plot of 
lint cotton and seed cotton of each was determined* Tield per 
plot was broken into k components* number of bolls per plot* 
number of seeds per boll* square centimeters of seed surface 
per seed* and weight of Un t  per unit area of seed surface*
The association of each component with yield was determined*
In addition the association of lint percentage* lint Index* fiber 
strength* and fiber length with yield of lint cotton and seed 
cotton was studied*
9* The following correlations between yield per plot and its components 
were founds Humber of bolls per plot* lint density index* and 
U n t  percentage showed significant positive associations with 
yield of lint cotton per plot of the 98 lines with r values 
of 0*817* 0*250* and 0*321* respectively. Seed index and surface 
area were negatively associated with yield of lint and seed 
cotton* Unt index showed no significant association with either 
lint yield or seed cotton yield and neither did number of seeds 
per boll show any association with yield*
IX?
10* The data suggested that selection in early generations of
testing for lint density would aid in obtaining high yielding 
strains* The positive association between lint density index 
end yield of lint was low (r * 0.250) but this may have been 
due to the impossibility of measuring yield very precisely in 
a single year. Also environmental effects cm yield might not 
influence density a great deal, thus tending to lower the 
correlation coefficient obtained.
11. Seed index and seed surface area showed significant negative 
associations with yield of lint per plot and yield of seed 
cotton per plot with r values of -0.300 and -Q.30?# respectively.
A negative association of seed surface area and number of bolls 
per plot of -O.iiitf was found. The negative association of
seed siae and yield was apparently brought about by the fact 
that an increase in seed surface area was accompanied by a 
decrease in number of bolls. Humber of bolls was so closely 
associated with yield that a net reduction in yield resulted 
with an increase in seed surface area. These data suggested 
that selection for small to medium seed sises in early generations 
of testing would aid in obtaining high yielding strains.
12. The data also suggested that selection for lint percentage in 
early generations of testing would be more effective in obtaining 
high yielding lines than selection for lint index would be.
The r value between yield of lint and lint percentage was 0«32lt
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compared to a r value of -*0.036 between lint index and lint 
yield. The fact that lint percentage has a much higher 
herit&bility (50.6*) than lint index (39*3*) also indicates 
that selection for lint percentage would be preferable to 
selection for lint index.
13. length of fiber showed a significant negative association with 
yield of lint cotton (r * -0.371) and yield of seed cotton 
(r * -0*292). This negative association might handicap the 
breeder attempting to introduce very long staple* 1 1/8 inch 
or above* into high yielding strains.
lit. Strength of fiber showed no significant association with yield 
of seed cotton or lint cotton indicating that combining high 
strength and satisfactory yield would not be particularly 
difficult. It should be pointed out* however* that although 
Wilds and Half and Half differed genetically for strength of 
fiber neither parent had exceptionally high strength. Introducing 
higher strength than that dealt with in this cross into high 
yielding strains night be difficult, but such a conclusion is 
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Table I Frequency Distribution and Statistical Values for Seed Index for I6 5  F 3 Lines of the Wilds-7 x Half and Half-1 cross.
line ”  Tfumber of Plants in Seed Index Classes .....  5td. Coef. F? Plant
Number oTTT.l 7.1 7.7 S.T) B'. r g TF "Q 'T .'5' 9:'5'"9V8"10.1 10.1 10.7 11.0 "IT.'?" 11.6 11.9 12.2 12.5 12:8 '13.T 13V4~iy.'7 14.0 14.9 I Q  Mean Dev. Van, Value2 : 5 S 4 5  e.s .3911 1.41% ■ -
a’-7 1 2 1 3  2 8 7 7 3 5 1 3  1 2 .6 .8 2 5 0 6.44% -
157 1 3 4 7 6 3 1 9 .2  .6409 6.97# 7.9
98 2 1 3 6 9 3 33 2 10 4 3 22 4 3 7 5 3 1
4 3 7 5 1 31 1 6 7 5 3 21 4 5 4 5 3 11 1 3 7 6 5 11 5 7 5 5 2 11 6 3 4 4 5 2 31 1 3 3 2 6 1 5 11 2 6 6 7 4
1 2 10 5 3 '1 11 1 2 2 7 7 41 1 4 5 2 4 2 21 2 1 5 4 9 5 22 4 1 7 1 6
± 1 4 3 1 4 2 2
3 1 4 6 4 3 2
1 2 5 3 4 4 21 1 2 1 3 6 5 32 6 6 8 3 12 5 4 8 2 11 1 5 2 8 2 11 2 2 2 5 7 3 21 3 3 3 6 6 3 22 2 3 2 1 5 2 4
3 2 3 4 3 2 3 12 6 5 2 2 21 1 2 5 7 6 31 2 3 3 4 6 51 2 2 2 2 4 1 5
4 3 3 5 2 11 2 4 4 2 4 2 11 2 3 8 4 2
5 5 5 5 42 3 5 4 5 42 2 2 2 3
1 4 2 7 41 2 6 5 3 3
1 1 8 7 5 2
1 1 2 3 5 2 12 2 2 1 7 1 5
1 2 3 3 1 2 2 31 3 9 5 32 2 3 5 5 42 2 3 5 5 3
1 1 1 3 4 7 4
1 4 1 3 3 2 31 2 3 3 2 2
1 1 5 4 3 1 31 3 3 2 3 1 12 1 2 5 4 4
1 1 3 4 2 4 1
1 1 2 1 1 2 3 3
9 .3 .4 5 18 4 .86$ 8 .8
51 1       9.5 .5480 5.7756 9 .6
2S        1 9.5 .6 0 2 6 6.34% 9.7
124 1       9.5 .6554 6.90% 10.3
17        9.6 . 43 96 4.56% 9.9
It 1 1        9.6 .7543 7 .86% 9 .8
82        1 9.7 .4817 4.96% 9 .6
87 1        9.7 .5313 5.48% 9.1
33         9.7 .6194 6 .38% 9 .0
143 I I 3 2 6 1 5 I I  9.7 .7 2 8 0 7.51% 8.5
156 2      9.8 .3698 3.77% 10.5
99        1 1 9.8 .5464 4.86% 9.1
130        9.8 .5663 5.78% 9.7
76         1 9 .8  .5927 6.05% 10.7
6S 1 1        9.8 .6995 7.12% 9.8
152 1 1       2 1 1 9.8 .9699 9.90% 9.4
106 1 1 1        1 2 9.8 1.0914 11.14% ' :
86        2 9.9 .6658 6.72% 9.6
£4        1 1 9.9 .6954 7.02% 9.7
146         3 9.9 .9670 9.77% 8.175 6 6 3 1 2  10.0 .4521 4.52% 9.9
13 5 4 8 2 1 1  10.0 .4621 4.62% 11.1
159 1 1 5 2 8 2 1 3  1 0 .0  .5 8 46 5.85%





















2 2 1 10.0 1.0729 10.72% 10.7
1 1 3 1 1 0 .0 1 .2 0 3 9 1 2.04% 1 1 .11 1 2 10.1 .8599 6.51% 10.5
1 1 1 0 .1 .5018 4.97% 9.72 10.1 .6 4 06 6.34% 10.92 2 1 1 10.1 .7652 7.58% 9.2
1 2 2 10.1 .9479 9.38% 10.5
1 2 2 2 1 0 .1  1 .0 2 6 9 1 0.20% 1 0 .9
3 10.2 .5226 5.12% 10.61 2 10.2 .5251 5.15% 10.1
1 2 10.2 .5909 5.79% 7.8
2 2 10.2 .6094 5.97% 11.32 2 1 1 10.2 .6426 6 .30% 11.4
3 2 10.2 .6 6 58 6.53% 10.61 1 1 10.2 .7163 7.02% 10.7
4 2 10.2 .7572 7.42% 11.22 1 1 10.2 .7961 7 .80% 9 .8
4 3 10.2 .8 4 87 S.32% 10.31 1 10.3 .5076 4 .92% 1 0 .02 2 10.3 .6272 6.09% 9.1
4 1 1 10.3 .6666 6.49% 10.01 2 10.3 .7767 7.54% 10.62 1 3 10.3 .9622 9.34% 10.28 2 1 10.4 .7923 7.62% 10.2
3 1 1 2 1 10.4 .9939 9 .56% 1 0 .0
3 2 4 1 10.4 1.0049 9.66% 10.72 1 2 1 1 10.5 .9345 8 .90% 1 1 .0
4 3 3 1 10.5 .8442 8.04% 11.11 2 2 1 1 10.5 1.0956 10.41% 10.9
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100 2 1 3 4 4 6 2 1
145 1 1 1 4 8 3 5 3 1 162 2 1 4 3 3 2 1 6 1 10 2 1 4 3 3 1 6 2 2 2 1
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Table I Frequency Distribution and statistical Values for Seed Index for 165 F 3 Lines of the Wilds-7 x Half and Half-1 cross.
Line dumber of Plants in Seed Index Classes   ” _ Zt'3. Coef. 7o Plant
Number F . l  7.4 t .T  T.^ 5.3 5.6 5.9 9’.2 S.fTJi iO'.T~IPX 10.7' IT.P'TL.3' 11.6' 11 .'3 13.2 15.5 12.8 l j ' . l  T3;4 13.7"1V.7> 14.3 U75 Kean Lev. Var. Value
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63 1 1 1 3 2 1 4 5 1 3 1 11.4 1.0563 9.26% 12.755 1 1 2 1 3 2 1 3 1 6 2 1 1 11.4 1.0766 9.44% 11.611 1 1 1 6 2 6 3 1 3 1 1 1 1 11.4 1.1038 9.68% 10.8116 1 1 2 2 3 1 5 1 2 2 4 1 11.4 1.1082 9.72;% 11.924 1 1 1 1 2 3 1 2 5 2 1 2 1 11.4 1.1149 9.78% 11.0
132 1 1 1 4 3 6 6 1 2 1 11.5 .6977 6.01% 12.32 2 2 5 1 4 5 3 2 1 11.5 .7832 6.81% 12.1141 2 1 2 1 2 1 1 1 2 2 5 1 11.5 1.2186 IO.605; 12.5
144 3 2 2 1 4 3 1 2 3 2 1 11.5 1.2411 10.795; 11.2 
.7831 6.15% 11.7108 1 4 5 5 3 1 1 5 1 2 1 1 .6
92 1 1 1 2 4 3 2 2 1 1 1 1 1 .6 1 .0 4 6 1 8.51% 1C .6
' 1 1 2 1 2 2 3 1 2 3 4 1 1 1 11.6 1.0677 9.20% 12.4
22 1 1 1 2 2 3 1 1 4 4 1 1 1 1 1 .6 1.0744 9.26% 11.4
25 1 2 1 2 4 3 2 4 1 1 3 1 1 1 1 1 .6 1.0745 9.26% 11.9
2 3 2 1 3 1 3 2 4 2 2 1 1 .6 1 .1 8 3 2 1C.20% 1 3 .0
20 1 1 1 4 3 1 3 1 1 1 1 2 1 11.7 1 .1 77 2 1 0.10% 1 0 .2142 1 5 3 3 8 1 2 1 2 11.7 .7602 6 .50% 1 2 .2131 1 2 1 1 4 7 4 2 1 1 1 1 1 11.7 1.0379 8.87% 12.41. 1 3 5 1 3 2 5 1 1 1 1 11.7 1 .0 8 6 0 9 .28% 9 .21 ^ 4 1 2 1 2 3 5 3 1 3 1 11.7 1.1216 9.59% 1C.6
121 2 2 2 3 3 2 4 3 3 1 1 1 .8 .7588 6.43% 14.2153 3 3 2 6 1 4 1 2 2 1 1 1 .8 .7901 6.10% 10.5
fco ~c<1 1 2 2 1 2 6 1 2 2 1 3 1 1 .8 .9976 8.45% 11.4
VA  15: 1 2 2 4 6 3 1 3 1 1 1 1 1 1 .8 1.0125 8 .58% 1 1 .212 1 1 1 2 1 2 2 5 ' 1 3 4 1 1 1 .8 1.0554 8.94% 13.8
125 1 1 2 2 1 2 4 3 3 1 2 ** 1 1 .8 1.1251 9.52% 11.5119 1 3 4 1 1 4 2 3 1 1 1 1 .8 1.1359 9 .62% 11.76? 1 2 1 3 2 1 1 1 2 3 1 1 1 .8 1.3423 11.38% 11.5
101 3 3 5 2 2 1 11.9 .5785 4.86% 1 2 .0
2 2 6 4 5 1 4 2 1 11.9 .6748 5.67% 1 0 .8
26 1 4 1 2 1 3 3 1 1 11.9 .8231 6.92% 11.1133 1 1 2 2 4 2 3 5 2 1 11.9- .8477 7.12% 13.4150 1 4 6 3 1 1 2 2 1 2 1 11.9 .9203 7.73% 10.7102 1 1 2 2 4 3 4 2 1 1 1 11.9 .9611 8.08% 11.496 1 1 2 1 1 3 3 3 1 2 2 11.9 1.2422 10.44% 11.031 2 3 2 3 1 4 3 3 1 1 1 11.9 1.2783 10.70% 11.47 1 1 1 1 2 2 2 1 3 2 5 1 1 11.9 1.2777 10.74% 11.153 2 2 2 3 2 5 2 1 2 1 2 1 2 .0 .9742 8.12% 12.045 1 1 4 1 2 1 3 1 1 3 1 2 .1 1.2787 10.60% 13.1107 4 1 1 6 4 1 2 3 1 1 2 .2 .8174 6.93% 11.743 2 6 3 3 4 1 4 1 2 1 1 1 1 2 .2 .9541 7 .82% 1 2 .237 1 4 1 2 2 5 1 3 2 1 2 1 2 .2 .9 8 02 8 .03% 1 1 .1109 3 3 4 3 2 2 2 2 1 12.3 .6 9 62 5.60% 1 1 .6
6C 1 1 1 2 4 2 2 2 5 1 1 2 12.3 1.0127 8 .23% 1 0 .244 1 3 3 2 5 4 i. 1 12.4 .6367 5.13% 13.5118 1 1 1 4 2 4 5 2 2 12.4 .6392 5.15% 12.750 2 2 3 8 2 2 3 1 1 1 1 12.4 .8 6 25 6 .94% 14.3129 1 3 3 2 3 2 12.5 .6450 5.16% 13.171 1 2 4 4 5 3 6 1 2 1 12.5 .7622 6 .10% 1 1 .8
66 1 2 2 6 1 4 3 2 1 2 2 1 1 2 .5 1 .0 3 2 0 8 .26^ 1 1 .8149 3 1 4 6 4 3 1 2 1 2 .6 .6537 5.19% 13.374 1 1 1 2 3 4 2 1 2 2 12.7 .9 6 60 7 .60% 11.7113 1 3 3 5 2 4 3 1 1 3 .0 .6 2 48 4 .81% 12.7
TableII Frequency Distribution and Statistical Values fop bint Density Index tar 165 Fj Lima of the Wilde-7 x Half and Holf-1 oroae.
Line 
Nun be r ">.7C' ‘.SO I.01.'1 , ,---  Humber of dents in lint density olanaenAsPP 4tAQ.4x20_4.-W 4.40 4.50 4.60 .4 .70 4a80 4.90 5.00 5.10 5.20 5.30 5 ^  5.50 5.60 5.7Q 5.4o 5.90 6.00 6.10 6,20 6»3P--6a40 6.50 6,60 6.70 6.80 6.90
Std. Coef. t7 Plant 
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.3817 8.66* 4.50 
.4661 10.11* 5.00 
.3271 7 .03* 4.8O 
.2658 5.70* 4.60 
.3292 7.03* 4.10  
*4665 9.97* 4 0 0  
.6039 12.82* 5.10 
.3587 7.60* 4.30 
.3621 7.66* 4.50 
.4003 8.43* 5.00 
.4111 8.65* 4.00 
.5017 10.52* 4.60 
,3387 4.99* 4.00 8.16S 4.90 
9.33* 4.80  
8.47* 5.00 
6.48* 5.00
  6.69* 4.80
.4963 10.25* 4.90 





.5072 10429* 4.90 
.4597 9.31* 5.00 
.4732 9.52* 4.80 
.4771 9.54* 4.2C 
.4594 9.17* 4.80 
.5632 12.24* 4.70 
.3123 6.23* 4,50  
.6225 12.40* 5.10 





.5861 11.58? 5.10 
.4322 8.54* 4-60 
.5570 11.01* 4.90 
.5785 11.41* 5.80 
.5469 10.77* 5.60 
.4115 8.08* 4.90 
.3551 6.96* 4.90 
.5519 10.82* 5.60 
.3961 7.75? 6.00 
.4763 9.30? 4.80 
.4331 8.44* 4.70 
.5217 10.17* 4.90 
.5470 10.64* 4.90 
.6219 12J.C* - 
.5472 10.65? 5.40 
.4282 8.30? 5.10 
.0.82 11.98* 5.10 
.4382 8.48? 5.10 
.6309 12.20* 5.40 





.5714 10.31? 4.40 
.5131 9.90.? 5.60 
.5036 9.70* 4.70 
,5409 10.40? 6.00 





























Tahle II Frequency Dlstrllutlon and Statistical Values for Lint Density Index for 165 P3 Llnae of the Wilds-7 x Half end Half-1 crooe.
Line
Number 1.60 1.70 1.30 1.60
Number of Plante in Lint Density C lease
A.2Q At30 A.AO A.50 A.60 A.70 A.80 A.9Q 5.00 5.10 5.20 5.30 5.A0 5.50 5.60 5.70 5.60 5.90 6.00 6.10 6.20 6.30 6.10 6.50 6.60 6 >  6.80 6,90 7.00 7.10 7,20 Mean Der. Var. Value
1 1 1 2 1 2 A.A2 .A67A 10.57*
2 1 A 1 1 1 1 2 2 A 1 2 1 1 5,87 .A939 8.A3* _
2 1 1 1 A 2 2 1 2 2 1 1 1 1 1 5.2A .6020 8.78* 5.10
2 2 1 1 A 3 3 1 3 1 1 5.25 .3376 6.A3* A. 60
1 1 1 3 2 2 2 2 A 2 1 1 5.27 .A727 8.97* 5.10
1 1 2 2 2 2 2 A 2 2 1 1 1 5.28 .362A 6.86* 1.70
1 1 1 1 2 3 2 1 2 2 1 1 5.28 .A630 8.67* 1.80
3 1 1 1 1 1 3 3 2 3 1 1 1 5.28 .5321 10.08* 6.10
2 1 1 2 5 A 1 2 1 1 1 5.29 .6098 7.07* 5.30
1 2 1 2 1 1 A 2 A 1 3 2 1 5.29 .5039 9.53* 5.AD
1 1 1 2 3 2 2 3 1 1 1 1 5.29 .53AS 10.11* 5.60
1 2 2 2 1 3 1 3 A 2 1 1 5.30 .5913 6.88* 5.50
1 1 1 3 1 3 3 3 3 1 1 1 1 5.31 .308A 5.81* 5.00
1 2 2 3 1 2 3 2 3 3 1 2 1 5.31 .4201 7.09* 5.10
1 1 3 1 2 A 6 2 1 A 1 1 1 5.31 .A221 7.80* 5.60
1 2 1 1 1 1 2 5 1 1 1 1 3 1 5.32 .AA23 8.31* 5.20
1 1 1 2 2 2 1 2 3 1 1 A 1 1 5.32 .A650 8.7A* 5.10
2 1 1 3 3 1 1 3 1 3 3 1 5.32 .AAA9 8.36* 5.30
1 1 2 2 1 2 2 2 3 3 2 1 1 1 5.32 .AA5S 8.38* A. 50
1 1 1 2 1 2 2 3 A 1 1 1 2 1 2 2 1 5.33 .5013 8.A1* 5.90
1 1 3 2 1 2 3 1 1 1 5.3A .1666 5.70* 5.00
1 1 3 2 2 1 2 2 3 3 1 1 1 5.3A .A372 8.09* 5.30























1 1 2 1 1 1 3 2 2 3 1 2 1 2 1 5.38 .AS51 9.01* 5.10
1 2 1 1 1 1 5 2 1 2 2 1 1 1 1 5.38 .5367 9.98* 5.10
1 2 2 3 2 1 3 1 1 5.AO .A2A2 7.76* A. 90
1 2 2 2 3 2 1 3 1 5.A0 .A282 8.20* 5.60
1 1 1 3 3 2 2 1 6 3 2 1 1 5.A1 .36£l 6.77* 5.20
1 1 1 1 2 1 3 2 3 3 2 2 2 2 2 1 5.A2 .5160 9.52* 5.00
1 1 2 2 1 A 2 1 2 1 1 1 5.A2 .A363 8.05* A. 30
1 3 1 7 1 1 2 3 2 1 1 1 5.A2 .6118 11.29* 5.00
1 1 1 A 2 2 3 1 2 2 A 5.AA .A095 7.73* 5.80
1 1 1 1 1 2 1 3 2 A 3 3 1 1 1 5.AA .A1A6 7.62* 6.70
1 1 1 3 3 2 1 2 3 1 1 1 2 1 5-A5 .6583 10.21* 5.10
1 1 2 2 2 3 2 1 3 3 A 1 1 5.A6 .3813 6.98* 5.50
1 1 2 1 1 2 3 2 3 1 2 3 2 1 2 1 1 5.16 .1155 7.61* 1.90
1 2 1 1 A 2 1 7 2 2 2 1 5.17 .3215 5.8?* A. 70
1 1 1 1 2 1 2 1 7 8 1 1 5.IE .3966 7.2a* n 9 0
1 2 1 1 1 1 2 2 3 3 A 2 1 1 5.16 .A357 7.89* 1.501 A 1 1 1 3 A 3 2 1 2 1 5.AS -A95A 9.01* 5.50
1 1 1 1 1 1 2 2 3 3 2 1 2 1 2 5.A9 .5700 10.38* 5.90
1 1 2 2 1 3 3 1 3 2 1 5.19 .3283 5.98* 5.60
1 3 2 1 2 1 6 2 1 2 1 1 5.19 . 5821 10.61* 5-50
1 1 2 2 1 1 2 A 3 3 2 1 5.50 .1666 8.85* 5.50
1 2 3 5 2 2 2 1 2 2 1 5.50 .1177 7.62* 6.00
1 1 2 1 2 2 5 1 3 3 1 1 5.52 ^170 7.55* 1.701 1 1 1 2 1 3 1 3 1 1 1 5.52 .5159 9.31* 5.201 1 2 2 3 A 2 3 2 2 1 2 5.52 .1381 7.91* 5.10
1 2 1 6 2 3 2 1 3 1 2 1 1 1 5.52 .1687 8.19* 5.50
3 1 2 2 1 2 7 2 2 2 1 1 5.53 .1731 8.56* s a o
1 1 1 1 1 7 2 1 2 2 A 1 3 5.53 .1356 7.88? 5.30
2 1 1 1 A 2 2 3 2 A 1 1 1 1 5.56 .6581 11.81* 5.601 2 2 2 2 2 3 1 1 2 1 1 1 2 1 5.58 . 5306 9. 51* 5.10
1 1 1 1 2 2 2 3 2 1 2 A 2 1 5.59 .1957 8.87* 5.101 1 1 1 1 2 1 2 1 1 1 3 1 A 1 5.59 .5011 8.97* 5.101 1 1 2 1 2 1 1 7 1 1 2 2 1 5.59 .6038 10.80* 1.60
1 1 1 1 1 2 3 A 3 A 1 1 5.59 .5132 9.72* 5.101 2 A 5 1 3 1 A 2 5.60 .1211 7.53* 5.601 1 2 2 2 1 1 2 2 5.61 .5135 9.69* 5.60
1 1 1 1 3 3 5 5 1 1 1 5.61 .3606 6.13* 5.001 1 1 2 2 2 A 1 3 2 2 1 5.62 .1922 8.76* 5.301 1 1 1 2 2 1 2 A A 3 2 1 1 2 1 5.61 .1729 8.38* 5.801 1 1 1 1 A 2 1 3 1 1 1 1 5.65 .5851 10.36* 5.10
1 1 1 1 1 2 1 2 A 1 2 2 3 1 1 1 5.65 .6383 11.30* 5.301 2 1 1 5 1 2 2 A 2 2 1 2 1 1 5.68 .1309 7.59* 5.50
1 2 3 3 2 2 1 1 1 5 5.68 .1518 7,95* -
1 2 2 1 2 1 2 1 2 5.70 .35a 6.18* A. 90
1 2 2 A 1 1 1 1 3 5 1 A 1 1 5.71 .1131 7.76* 5.60
1 2 2 2 2 2 3 A 2 5.73 .3517 6.11* 5.001 5 1 3 3 1 1 2 2 2 3 1 5.73 .a23 7*2O* 6.10
1 3 1 1 2 3 1 A 2 1 1 2 2 7.75 .1559 7.93* 5.90













































































Value1.90 ■■■■00 1.10 1.20 t.?0,4.40 1.50 4 . &  1.70 £.80 4. 90 5.00- 5.1015.20 5.10 5.4C 5.50 5.60 5.70 5.80 5.90 6.00 6.10 4.20 6.30 6.4fi is.gO 3.60 ~<a,~70~6,80 6,?0 7,00 7,JO 1,2$
~ 1 1 J - - - * - - 1 1  5.87 ‘.4939 s ‘.43? -
5.78 ,5061 8.76g 6.00
1 5.78 .4243 7.3456 5.50
5.79 .4-713 8.14? 6.00
5.79 . 5534 9.5« 5.50
5.79 .3930 6.9656 5.70
5.81 .4726 e.1356 5.60
5.82 .3805 6.4856 5.70
1 5.84 .5044 8.63? 5.40
1 5.86 .4675 7.98? 5.60
5.87 .3805 6.48? 5.70
5.88 .5534 9.41? - 
1 1 5.90 .5209 8.83? 5.40
5.91 .5455 9.23? 5.30
1 6.13 .4504 7.?# 5.70
1 2 6.17 .4765 7,20? 6.00
2 1 4 1 1 1 1 2 2 4 1 2
1 1 1 1 1 3 2 4 1 1 2 1 1 1
2 1 3 1 3 2 2 3 3 4 1
3 2 1 -4 3 1 1 2 3 1
1 1 2 3 1 1 1 1 4 1 1 1 1 2
1 2 4 2 2 3 3 1 2 1 2 1
1 1 2 2 1 3 1 2 4 1 4 1
1 4 2 2 5 2 1 2 2 1 1
3 4 2 1 2 2 2 1 2 1 3 1
1 1 3 1 1 3 2 3 2 3 2 2 1 1
1 4 2 2 5 2 1 2 2 1 1
2 1 2 1 1 3 1 1 5 3 2
1 1 5 6 1 2 2
2 2 2 4 3 3 2 2
3 2 2 3 3 3 1 1 6 3
1 2 1 3 3 3 2 3 2 1 1
fable III Valuta for characters studied in the F» and Fl generations 














































































































































































































































































































































































































































































































































































































































































































































































Values for characters studied in the F» and F^ ganeratiotm 
of the mids-7 x Half and Half-1 erase*
Lius P3 Lise lint Seei Number Naaber "3eed Seed U»t lint Lint lint '
Number limber Held Cotton Bolls Seeds Index Surface Density Index Percent Percent
(Gr* Held Per Per f3 * Area Index Fj 1 fy I 1Per (Gr.Per Plot Boll F3 *Plot Plot)
30 60 199.0 573.1* Hit 28 12.3 128.56 54b 6.6 35.0 $4.6
83 12* 200.7 553.5 97 29 11.5 118.39 5.82 6.9 37.5 36.7
86 12*8 202.7 600.2 109 27 104 111.05 b.78 5.3 3b.3 3b.O
bo 80 203.3 571*. 8 12b 27 10.3 113.0b 5.3b 6.0 37.0 36a
25 1*9 203.8 563.3 98 28 10.1 110.85 5.1b 5.7 36.1 36.8
b6 90 203.8 55U.9 95 29 10.9 115*50 5.78 6.7 38.0 37.b
87 11*9 201*.6 573.2* 133 27 12.6 129.bl 5.38 7.0 35.6 36.1
lit 30 206.1 558.3 112 27 11.2 118.29 5.bS 6.5 36.8 36.3
11 19 207.1 556.1 118 26 10.2 107.63 5.75 6.b 38.6 37*560 307 208.2 602.5 133 27 11.8 129.62 5.30 7.2 36.9 35.5
2b 2*6 208.7 587.6 113 27 10.5 115.02 b.75 5*5 3b. 2 35.5
95 159 208.7 563.3 103 28 10.0 109.9b 5.30 5.8 36.9 35.9
5 12 209.0 602.0 300 29 11.8 125.0b b.91 6.2 3b.b 35.2
98 165 209.7 59b.9 101 29 10.2 112.8b 5.29 6.1 36.8 35,6
91 15b 209.3 605.1 119 28 10.5 112.99 b.68 5.3 33.3 3b»9
99 167 212.6 578.5 103 28 U.3 119.32 5.91 7.0 38.3 37.6
59 106 213.5 595.6 126 29 9.8 109-97 5*31 5.9 37.6 36.5
35 71 2l2t.lt 621.2* 96 27 12.5 131.05 5.18 6.8 35.2 3b.8
23 1*5 211*. 7 615.0 112 29 12.1 12b.l0 5.18 6.b 3b.9 35.3
89 151 215.1* 619.9 120 29 10.0 103.72 5.06 5.5 35.5 35.9
IS 37 215.5 605.2 100 30 12.2 126.77 5.61 7.1 36.8 36.0
97 162 216.1 605.5 110 30 11.8 123.85 b.86 6.0 33.8 35.8
33 66 217.6 620.8 102 27 12.5 130.95 5.1b 6.3 35.1 3b.926 50 217.8 635.8 95 31 12.b 127.65 5.0b 6.b 3b.l 3b.8
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Table H I  (Continued)
Values for characters studied in the F? and Fl generations 
of the Wilde-7 x Half and Half-1 cross*
^  line 1 >j line 
Humber Number

















r3 1 fk I
6 13 2ltl.2 690.8
74 129 21)2.7 673.8
It 11 2it6.2 662.5
45 87 21)7.8 7lt7.0
63 110 251.6 685.8
l|2 84 252.1) 691.6
16 3lt 253.1 698.1
15 33 254.8 691.1
53 IK) 255.2 682.5
72 128 255.5 689.8
82 lk3 256.2 735.7
39 78 256.5 71it.5
7 lit 257.8 694.6
51t 101 257.9 582.7
56 103 261.8 722.2
78 133 262.9 73it.3
It? 13k 275.8 750.0
lit 86 276.6 733.0
32 278.0 723.1
8 15 280.lt 801.8
67 123 283.8 759.2
10 18 288.0 809.6
2 2 293.9 793.068 121t 297.7 821.1)
52 98 308.0 6itl.6
121) 30 10.0 109.37
111 28 12.5 130.63
126 27 11.1) 123.25
136 30 9.7 108.23
130 29 10.3 112.65
lit6 29 9.9 111.62
117 28 11,9 123.69
126 28 9.7 106.47
130 29 10.6 113.07
131 28 10.9 115.85
H)5 30 9,7 106.76
131) 28 10.0 110.39
11)8 30 9.6 105.14
107 30 11.1 119.13
132 28 10.4 113.43
lilt 28 13.0 132.20
11)2 28 10,1 110,89
11)5 29 9.9 109.77
l4o 29 —
147 28 10.9 U8.05
12)8 27 10.8 116.73
175 28 10.0 107.93
136 29 11.9 125.63
156 29 9.5 106.70
177 30 9.3 103.54
4.94 5*4 35.1 35.9
5.70 7.4 37.4 36.1
5.33 6.6 36.6 37.2
4.73 5.1 34.6 33.2
5.48 6.2 37.5 37.5
5.38 6.0 37.5 36.6
5-59 6.9 36.7 36.8
5.68 6.0 38.4 36.9
5.79 6.5 38.2 38.5
5.71 6.6 37-7 37,0
4,84 5.2 34.8 35.0"
5.31 5.9 36,6 36.7
5.59 5.9 37.9 37.2
5.16 6,1 35.5 36,0
5.84 6,6 38,9 37,5
5.90 7.8 37,4 36.2
5.36 5,9 37.1 37.4
5,73 6.3 38,8 37.4
5.23 6^2 36.2 35.4
5.88 6.6 38.8 37-5
5.04 5,4 36*3 35-9
5.81 7,3 38.0 37.9
5.35 5.7 37.5 36.9
5.41 5.6 37.5 37.3
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